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Engineering 


By ALFRED 


What is “engineering education”? 
To some the phrase signifies an educa- 
tion in subject matter and in methods 
peculiar to, or at least especially char- 
ateristic of, engineers. To others, 
‘engineering education” means the 
tducation of persons aspiring to be- 
ome engineers. 

Before we can consider whether or 
tot humanistic and social studies 
should be made “engineering educa- 
tion,” it is needful to define that last 
trm. We need to ascertain (1) what 
is peculiar to engineering, and (2) 
whether “engineering education” means 
education peculiar to engineering, or 
education of prospective engineers. 


I 


We hear occasionally of “engineer- 
ing ways of thought,” “the engineering 





method,” and even viewing literature, 
music, and art through “engineering 
eyes.” Just how “engineering eyes” 
locused on literature differ from the 

of other human beings I do not 
pretend to know, but a recent con- 
iibutor to these pages* has defined 
‘the engineering method” as consisting 


Pi four stages: defining the problem, 


lanning the treatment, executing the 


‘Prof. Elliott Smith, “Can Humanistic- 
Social Study Be Made Engineering Educa- 
lion?” = Journal of Engineering Education, 


H (Oct., 1945), 136. 
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Should Humanistic-Social Study Be Made 


Education ? 


C. AMES 


Illinois Institute of Technology 


plan, and checking the work. Doubt- 
less that is the engineering method— 
and also the method of problem solving 
in any field of human intellectual ac- 
tivity. It is simply the standard heur- 
istic method, and may be found con- 
veniently stated and developed in the 
end papers of Gyorgy Polya’s recent 
book, How to Solve It. So far as I can 
see, there is nothing distinctively en- 
gineering about this method. 

Thomas Henry Huxley, that great 
champion of scientific education, began 
his most famous essay, “The Method 
of Scientific Investigation,” with the 
unequivocal and modest statement, 
“The method of scientific investigation 
is nothing but the expression of the 
necessary mode of working of the hu- 
man mind.” He proceeded to assure 
his lay audience that they daily em- 
ployed deductive and inductive reason- 
ing. Is the scientist or engineer en- 
titled to claim as exclusively his own 
the operations of common sense and 
right reason? Would it not be as be- 
coming for a teacher of English com- 
position to tell a teacher of mechanical 
engineering that he should use “the 
rhetorical method,” the “writer’s ways 
of thought,” in his engineering work, 
as it is for an engineer to exhort an 
English teacher to use “engineering 
methods” ? 
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If by engineering education is meant 
distinctively engineering education, let 
us honestly exclude therefrom all logic, 
all literature, all basic language skills, 


all fundamental concepts in the social’ 


sciences, all mathematics and other 
“pure” science. If we are to proceed 
on the premise that only material per- 
tinent to engineers and also not per- 
tinent to other collegiate students is 
to have a place in our curricula, we 
shall have to exclude everything that 
differentiates a college of engineering 
from an unabashed trade school. What 
is distinctively engineering and irrele- 
vant to other pursuits and functions is 
more limited than some people are 
willing to admit. One cannot make a 
college curriculum out of it. 

If “engineering education” means 
education of prospective engineers, the 
criterion of relevance must be not ap- 


plicability to exclusively engineering 
functions, but value to persons whose 
profession is to be engineering. Let 
the champions of a thoroughly dis- 
tinctively engineering education admit 
they do not have a monopoly on sound 


reason, by all means. Let them recog- 
nize further that their prospective en- 
gineer has a private life and a civic 
life as well as a strictly professional 
life to lead, and that the two former 
even have some bearing on the last. 
If this recognition were forthcoming, 
we should hear no more aggressive 
demands that every non-technical 
teacher of engineering students must 
show a peculiarly “engineering” value 
for every aspect of his subject. 

As a matter of fact, it is the cham- 
pion of a rigorously distinct “engineer- 
ing education” who perhaps has most 
occasion to show cause why he should 
not be censured. If he has his way, 
what will be his effect on the education 
of engineers—on students, on faculties, 
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on administrations, on society? In gi 
far as he now has his way, what 
effect is he having? 


II 


The engineering student is not neces. 
sarily a monomaniac devoid of any ip. 
terest other than a narrowly defined 
engineering education. He is, after 
all, a human being. If you prick him 
he will bleed. Usually, he is young 
in the late teens or early twenties 
Often he has an unusually alert mind 
He is still discovering the world, ¢ 
pecially the world of ideas and intelle- 
tual and moral values. He does ng 
want to be immured in a narrow ed 
of peculiarly “engineering” education 
When a senior engineering student in 
a state university says, as I have hear 
one say, “I know less about nearly 
everything (except electrical engineer 
ing) than I did when I entered oo 
lege,” he is not boasting. He is voicing 
a justifiable grievance. 

Even if the students should demani 
nothing but intense specialization, evenfi 


engineering student told me he w 
planning to leave college at the end 
his freshman year and take night sche 
courses in mathematics and electti 
engineering, his only vital int 
As a candidate for a degree, he a 
plained, he was being coerced into t 
ing chemistry and, next year, physics 
Will anyone maintain we should adj 
curricula to such partial personalitie 


be they one or many? Fortunately foifite curr: 


everyone, they are, I believe, # 
With continuing sound educati¢ 
policies, their number can be furth 
diminished. 

We who are professionally eng 





in the education of engineers should 
lave a more mature and enlightened 
enception of suitable education than 
an be expected of our undergraduates. 
As is characteristic of the human 
mthod of determining causes of ef- 
fects, we are obliged to proceed in our 
ducational plans by elimination of ir- 
levancies. As causes favorable to 
the development of self-respecting, rea- 
wnably well developed human beings 
practicing the engineering profession, 
wecan eliminate, I believe, a course of 
study that produces satiety—a muscle- 
hound “engineering” intellect that balks 
tthe thought of engineering. We can 
diminate a course of study that, so far 
cation.§% it is able, isolates the student from 
lent inf at, music, literature, awareness of the 
heard past, political insight, and social con- 
nearly§ cm, except as these may be capable of 
gineer-f exploitation for vocational advantage. 
od cof We can eliminate the wrenching of 
voicingg te course of study into a discipline 
tat inculeates and encourages con- 
lemani§ tmpt for and ignorance of studies and 
n, evenfitterests that are not peculiarly “en- 
evereysgmeering education.” Every moment 
some tat is given to non-essential, periph- 
shoulfeal tricks of a trade is stolen out- 
eek aignght from time that should be dedi- 
re wagated to the end of all higher education : 
end afthe progressively thorough introduction 
: scholifoi the student to important accumu- 
i@pated human knowledge and skill and 
isight, and the progressively thorough 
lleration of the student from clumsi- 
tess and ignorance and error. 


III 


The insistence that every course in 
he curriculum must be made “en- 
neering education” is a demand upon 
tulty members in humanistic-social 
partments that they are ill prepared 
) satisfy. Our teachers of English 
i history, for example, are almost 
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always graduates of liberal arts col- 
leges and of university graduate 
schools. Their professional training 
has been that of teachers and scholars 
in the fields that they “profess.” They 
are professors of English, etc., not pro- 
fessors of engineering. They have not 
been prepared by education or experi- 
ence to strain after analogies with or 
allusions to peculiarly technological 
subjects. Until the engineering schools 
start producing their own teachers of 
“engineering-psychology” and “engi- 
neering-literature,” they must consider 
as part of the data what the liberal arts 
colleges and graduate schools have and 
have not done to those who teach psy- 
chology and literature to engineers. 
But even if they could, would faculty 
members in non-technical fields be will- 
ing to subordinate themselves, the dis- 
ciplines they profess, and the students 
before them to the demands of a totali- 
tarian “engineering education”? It is 
reasonably clear that self-respect and 
self-interest alike would require rejec- 
tion of such subordination. No man of 
standing as a teacher and scholar in 
letters or the social sciences is willingly 
going to let himself be identified with 
a practice that filters all his subject 
matter through peculiarly engineering 
preoccupations. He has faith in the 
importance of his field for human be- 
ings, be they engineers or agricultur- 
ists or pharmacists, and if he loves 
teaching he is going to be eager to in- 
troduce his students to the good, the 
true, and the beautiful in his field of 
special competence. Not only has such 
a man his own values and convictions 
to consider ; he has a professional repu- 
tation to maintain. He is a member of 
a learned profession, that of teachers 
and scholars in his field. If he values 
his professional standing, he will never 
consent to a distortion of his work that 
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would unfit him, in fact or in appear- 
ance, for teaching in universities or 
non-engineering colleges. 


IV 


Ultimately, the administrators of col- 
leges of engineering have to decide 
what they want in the quality of hu- 
manistic-social studies in their institu- 
tions. At one extreme, they can zeal- 
ously endeavor to attract and to retain 
a distinguished faculty in letters and 
social sciences—men who will stimu- 
late and instruct their students, men 
who will substantially contribute to the 
reputation of their schools. At another 
extreme, administrators can fill faculty 
positions with mediocre hacks, tire- 
some to their students, dissatisfied with 
themselves, obsequious to administra- 
tive suggestions that they should never 
distract their students’ attention 
from peculiarly engineering education. 
“What do you want? Pay the price 
and take it.” 

Our students in engineering colleges 
are in large part youths of high and 
varied capabilities. They often pay 
unusually high tuition. They deserve 
the best of instruction. Is the adminis- 
trator honest with the students if he 
puts before them instructors who pre- 
sent without enthusiasm or compe- 
tence an ill-digested and adulterated 
mess of hyphenated subject matters? 
Our teachers of humanistic-social stud- 
ies in colleges of engineering deserve 
some consideration, also. Is the ad- 
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' ination in salary and recognition is the 





ministrator honest to all his staff # 
inter-departmental meddling is encour. 
aged, if attacks on non-engineers op 
our campuses are launched, if discrim 


ex-officio lot of hapless teachers who 
cannot escape? Is the administrator 
serving the good name of his institu. 
tion if he helps create a situation that 
repels and alienates ambitious and able 
teachers and that gives other collegiate 
institutions justification in looking 
down on the quality of any of the work 
done in the engineering college? 
One of the platitudes of our timeis 
that our mastery of natural forces has 
outrun our development of humane 
values and of ethical and social insight 
and responsibility. Science and teck 
nology have placed explosives in the 
hands of a society still dangerously i 
fantile and unregenerate. The produc 
tion of purblind and unimaginative 
technicians is no great service to the 
world. It has been a well authenti- 
cated educational tradition that humar- 
istic-social studies, more than scientifie 
technical ones, are or can be helpful in 
meeting the greatest deficiency of ou 
civilization. If this be true, it is not 
desirable that humanistic-social studies 
should be engulfed in colleges of 
gineering by peculiarly engineering 
concerns. Rather it is needful thatimofessio: 
humanistic-social studies be accordélfithat you 
the independent status and dignityastudent 
commensurate with their mission in thtfad as a 
education of engineers. “Paight be 
ome of t 
fare it 
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Prould lik 
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Will it work? Will it pay? There 
ms a time when an engineer might 
pssibly have felt his responsibility 
ms over after having answered these 
wo questions regarding an engineer- 
ig problem. Yet actually at no time 
mld he rightfully have been satisfied 
wth these answers alone. Nor would 
lis profession, with its ever increasing 
mphasis on engineering achievements 
md their social results, be satisfied. 
lereasingly, all groups—educators, 
tdustrialists, statesmen—are asking 
temselves if engineering students are 
wficiently visionary and possess the 
therent capacity to handle the full 
mge of their future responsibilities. 
It would not be my wish to attempt 
)give you inexorable rules to follow 
eerimg§a preparing for and practicing your 
1 thitimofession. You, alone, must decide 
cordelithat you wish to accomplish in life as 
lignit)istudent, in your professional career, 
in thtfiad as a citizen. Perhaps, however, it 
Haight be well at this time, to relate 
wme of the factors which appear to be 
fare instrumental in constructively 
taping the types of engineers one 
ould like to feel were launched into 
future with a prospect toward a 
etter world-to-be. 


*Lincoln Lecture, The Ohio State Uni- 
ity, February 21, 1946. 
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By L. K. SILLCOX 


First Vice President, The New York Air Brake Company, 420 Lexington Avenue, 
New York, N. Y. 


ENGINEERING PREPARATION 


It would be an involved study in it- 
self to analyze curricula and make 
specific recommendations. There are 
some generalizations, however, which 
it is well to keep in mind in one’s 
preparation for an engineering career. 

You have, no doubt, read of the 
various reports which educational in- 
stitutions such as Harvard, Yale, and 
Princeton are releasing. The tend- 
ency appears to be to place emphasis 
on increased independent study, on 
outside reading, and on avoidance of 
over-specialization. There is a plea to 
discourage premature concentration 
which results in a specialist who has 
failed to build upon a broad foundation 
in science; is incapable of regarding 
his specialization in broad perspective ; 
and who completely disregards the 
effect of his specialization on other 
fields. The war has been vastly in- 
strumental in emphasizing further the 
importance of broad types of training 
in contrast to narrow concentration. 

What is especially desirable is that 
one should have an adequate education 
in engineering fundamentals, that he be 
well-grounded in basic principles. If 
he is, there will not be the danger of 
over-specialization with its attendant 
inability to see the part in its relation- 
ship to the whole. We often content 
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ourselves with the thought that it is 
impossible to remember everything. 
Admittedly, it is an important function 
of your training to teach you where to 


go for information. But it would be a ~ 


grievous error to take this as an excuse 
for not becoming thoroughly weil- 
grounded in basic concepts. 

Perhaps if we were to consider edu- 
cation as an opportunity to achieve an 
attitude of mind rather than to gain a 
specific amount of information, our 
ability to handle the full range of our 
responsibilities would not be questioned 
by various groups. Actually, our 
knowledge is valuable only when it is 
used to the benefit of mankind. It is 
unfortunate that some have the atti- 
tude that well-paid positions are to be 
expected on the basis of examinations 
successfully passed, rather than on in- 
telligent use of acquired knowledge. 
With a firm grasp of fundamentals as 
a basis, the engineer should inevitably 
develop many valuable qualities in his 
professional experiences demanding in- 
itiative and intelligent application of his 
knowledge. In fact, eventually these 
very qualities may be of far greater 
importance in his life actually than the 
technical knowledge which formed so 
valuable a base. 

The complete grasp of fundamentals 
and the development of the habit of 
seeing one’s particular interest in re- 
lationship to the whole will be aided 
and abetted by your professors. It is 
a truism that where great men are 
found, behind them will most often be 
represented the work and influence of 
great teachers. But there will be a 


part of your education even during 
your years of life at college which 
must derive from your own initiative 
and effort. There is so much to teach 
in so short a time, that in certain 
phases of your education, your teachers 
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can do little more than indicate and 
stimulate your desire to learn beyond 
formal requirements. As_ engineers, 
you will find that what you achieve 
will have its effect to a degree on eco- 
nomics, politics, society in general, 
One way in which you may become 
appreciative of these social ends js 
through your “outside” reading. It is 


} 


; 
| 


said that no man is really civilized or | 


mentally adult until he comes to the 
realization that the past, present, and 
future are indivisible. Your reading 


will expose current problems in need | 


of engineering technique; and you, of 
course, realize that understanding can- 
not be taught. 


You, yourself, have to | 


acquire this element, known as under- | 


standing, through your contact and ex- | 


perience with people, books, and work | 
—more or less a matter of conscious | 


exposure and effort. 

It can be noted more than ever be 
fore, that business enterprises are ptb- 
lishing histories of their development; 
and in the best of these, the social and 
economic backgrounds are given with 
great detail and care. Take, for only 
one of many examples, an excerpt from 
a publication recently released by a 
nationally prominent manufacturing 
company : 


Perhaps the Civil War and the Recor- 
struction period following it delayed the 
arrival of the Industrial Age. It is more 
likely, however, that the world was fo 
ready for the Industrial Age until 1880 
Many other things had to happen before 
an industrial economy could be estab 
lished. . . . And of course mechanical 
superiority alone could not create an il- 
dustrial economy. Social, economic asl 
political conditions must be favorable & 
fore industry can thrive in a large way. 


And so, in this manner, throughout 
the publication, the manufacturer has 
carefully traced the background of his 
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| expanding business up to the present. 


The value of this approach is well ex- 
pressed by Macaulay: “Those who 
compare the age in which their lot has 
fallen with a golden age which exists 
only in imagination may talk of de- 
generacy and decay: but no man who 
is correctly informed as to the past, 
will be disposed to take a morose or 
desponding view of the present.” 

Thus, in an invention or discovery 
there are the factors of a social and 


| traditional background to be studied, 


and do not think that there is much 
to the oft purported “accidental dis- 
covery.” If the facts be known, it will 
usually be found that suggestion end 
inspiration come only after the person 
responsible for the innovation has long 
struggled with the problem, often with 
the “subconscious” working overtime. 
Furthermore, the suggestion comes 
most often to the individual with 
the exceptionally well-prepared mind. 
Here, again, is the idea of a firm grasp 
of fundamentals, together with an un- 
derstanding of the past in order to 
recognize the significance of the pres- 
ent, and the possibility of the future. 
Admittedly, if it is to history that 
one goes to study trends and relation- 
ships, he will find quite frequently the 
academic historian has failed to com- 
prehend latent technical causes. The 


‘technician might give a truer inter- 
_ pretation. 


It could well be our chal- 
lenge in analyzing events to determine 
the interrelationship between technical 


. invention and human progress. 


There is the criticism that engineer- 
ing education does not encourage the 
idea of the unlimited horizon; that 
there is a tendency to restrict teaching 
to fixed scientific knowledge having 
immediate applications. It is true that 
there is a growing realization of the 
need for more emphasis on the social 
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and economic phases of engineering 
training. This is being stressed to a 
greater degree, as is evidenced by the 
lengthening of engineering curricula to 
five years by several leading universi- 
ties. Even a casual review of that 
splendid report of the Harvard Com- 
mittee, “General Education in a Free 
Society,” is evidence that great minds 
appreciate the inadequacies and are at- 
tempting to analyze and rectify them. 

In the meantime, perhaps the stu- 
dent should assume some of the re- 
sponsibility of compensating for any 
deficiency in liberal arts. He may take 
the initiative in reading and in gain- 
ing valuable experience during his 
summer work. The latter is a subject 
which would warrant detailed discus- 
sion such that time will not now per- 
mit. Suffice it to say, however, that 
all of the experience you can secure 
during your vacations will aid you in 
realizing the greatest gain from your 
formal education; will aid in focusing 
attention on any weaknesses in your 
training; and will assist in your later 
adjustment to life’s practical needs 
after finishing school. To gain actual 
experience during your formal educa- 
tion affords purposefulness and reality 
to your studies, and will aid you in 
becoming not only theoretically but 
practically minded. 


ENGINEERING PRACTICE 


There are many variables which have 
a bearing on engineering decisions, 
only a few of which are: depletion of 
natural resources, growth of cities, de- 
cline of agriculture and employment, 
labor supply, and ever-expanding com- 
munications. In fact, the effect of all 
major social changes becomes reflected 
in engineering judgments; and it is 
necessary for the engineer to arrive at 
his decisions, in many instances, in the 
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light of the prevailing social doctrine. 
Acknowledging that there are many vo- 
cations in which the engineer plays a 
vital part, for our purpose, discussion 
will be purposely limited to industry 
in its broadest sense. 

It is increasingly evident that the en- 
gineer must not be restricted to the 
purely technical, but must go further 
than production to distribution and 
proper utilization. There is a definite 
need for improved economics in the 
distribution phase of the industrial 
process. Here it is urgent that en- 
gineering techniques be applied, and it 
is a vast and fertile field for your in- 
vestigation. A recent study of distri- 
bution forcefully emphasized that the 
service of many thousands of engineers 
will be required in this field. It is not 
my wish to give the latter undue em- 
phasis; except to state that it is in- 
dicative of the broadening scope of 
engineering—only one of many possi- 
bilities to which éngineering techniques 
will be increasingly applied. And it is 
to the graduate that industrialists look 
for most of the original and vital ideas 
which lend a dynamic and healthy in- 
fluence to forge a pattern of future 
betterment. 

In the past it has been the engineer’s 
policy, by and large, to leave the ends 
to other groups, while he concentrated 
on the means. With his training in 
science, which enables the engineer to 
approach his work with imagination, 
view it with objectivity, always with 
respect for exact truth, he is in an ex- 
cellent position to see that the material 
things and processes he manipulates 
have value in contributing to the social 
and economic structure. If he exploits 
new meaps of power and production 
without regard to waste, unfortunate 
repercussions will be felt in the years 
which follow. Recent events have 
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made it only too evident that we are 
increasingly dependent on the applica- 
tion of science, and this gives to the 
engineer an important position in pre- 


- serving the best in our mode of life, 


By these comments I wish to em- 
phasize the desirability of raising the 
engineering profession to the highest 
possible levei. If the engineer analyzes 
his work in industry in the light of its 
ultimate value, we should probably 
arrive sooner in gaining this new level 
for our profession. Then there is an 
even more personal code of ethics to 
follow which would add to the prestige 
of our profession. The statement has 
been made that the chief obstacles to 
the success of the engineer are of a 
personal and administrative rather than 
a technical nature. Through the years 
we have recognized that there are cer- 
tain practices which make for har- 
monious relationships, respect, trust, 
and cooperation. Briefly, it might be 
interesting to note some traits of a 
person with whom it would be a satis- 
fying experience to be associated. 

He is able to delegate work intelli- 
gently, thus not only developing the 
abilities of his employees, but also 
avoiding the fallacy of trying to handle 
too much himself. This makes not 
only for well-developed and able assist- 
ants and potential leaders, but a strong 
organization as well. In making deci- 
sions he first gathers the essential facts, 
and realizes that there are times when 
a mistake is not so serious as failure 
to take a definite stand. He carries 
out even minor duties to the best of 
his ability, important in cultivating good 
work habits, and often an ultimate 


factor in his promotion. Negligence.or 


indifference in routine details makes a 
poor showing and does not inspire con- 
fidence in one’s ability or attitude. 

He does not ignore his superior, al- 
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ways remembering his superior is the 
man to whom he is directly responsible. 
Associating with someone who is con- 
sidered unworthy of personal loyalty 
makes for an unpleasant and non-pro- 
ductive situation and indicates why the 
choice of the right employer is of pri- 
mary importance. At the same time, 
as long as one is working for another, 
he has no choice but to recognize his 
superior’s authority and to carry out 
his orders. 

There are an unlimited number of 
desirable personal characteristics, some 
which we fail to recognize, others 
which are obvious, yet whose value we 
underestimate, such as ability to ex- 
press oral and written thoughts clearly ; 
personal appearance ; consideration and 
understanding of others ; and the genu- 
ine desire to cooperate. One of the 
most constructive, practical, and inter- 
esting references which could be rec- 
ommended is a paper by W. J. King 
of General Electric. It is entitled 
“The Unwritten Laws of Engineer- 
ing,” which Mr. King states are for 
young men just starting their careers 
and for older men who perfectly well 
know the thoughts suggested but who 
all too often fail to apply them in 
practice. 


Civic RESPONSIBILITIES 


As a group of engineers, we have 
been charged that as a result of the 
narrowness of our scientific training, 
we emerge from college with little 
knowledge or interest in outside affairs. 
If the truth were known, we could 
possibly make the counter-charge that 
our ignorance of non-scientific matters 
is not nearly so appalling as the art 
graduate’s ignorance of science. Yet 
such a charge would be purposeless. 
Then, too, in all probability, the war 
has been instrumental in increasing the 
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art graduate’s appreciation of the role 
of science. 

What should give us pause for seri- 
ous thought is that various groups 
such as economists, for instance, have 
been solely responsible for our ad- 
ministration at a time when the very 
basis of social activity has been pro- 
foundly altered by scientific progress. 
Take, for example, a report on the re- 
cent United Nations Conference at San 
Francisco. Nearly half a hundred or- 
ganizations were represented to serve 
our Government, among which were 
labor, agriculture, business, religion, 
education, et cetera. But what of the 
engineering and _ scientific groups? 
Conspicuous by their absence! We 
read that a wide range of professions 
had individual consultants numbering 
over four hundred there to give their 
aid, but was an engineer or a scientist 
present? Regrettably the answer is 
“no.” 

Could it be that we are considered 
so far from the world and worries of 
men as to make us apathetic in our 
services to the public? It is incumbent 
on you students to become closely as- 
sociated with and actively interested 
in the public life of your community 
and nation so that you can realize that 
very old definition of the engineering 
profession as “The art of organizing 
and directing men, and of controlling 
the forces and materials of nature, for 
the benefit of the human race.” 

True, you cannot use your slide rule 
to arrive at the exact answers, but that 
does not relieve you of the duty to ex- 
ercise your judgment in the uncertain 
affairs of man. Surveys in engineering 
societies have revealed that a negligible 
number of engineers are associated 
with social agencies. A reluctance to 
be of constructive help on community 
issues makes for an unhealthy political 
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situation. The community is a single 
unit in our political hierarchy, and to 
maintain a hands-off policy and at the 
same time condemn local or national 
political machinery will never promote 
the best in our system of government. 
If each engineer gave a single public 
official the benefit of his acquaintance, 
it would be a step in furthering en- 
gineering for the good of man. 

Nor should the engineer’s efforts be 
confined to the purely local. Take, for 
instance, our relationships with other 
countries. Our present generation has 
recognized, more than any other, the 
significance of power in domestic and 
international relations. Force is a 
necessity in any system; but we must 
never fall into the opposite error of 
supposing that force is everything, nor 
should this fact ever be forgotten. The 
practical and the ideal, naked power 
and moral values, are alike constants 
in human affairs. Neither force nor 
idealism, alone, can ever be enough; 
any successful human institution must 
take account of both since both are in- 
grained in human action. To say this, 
however, solves no problems; the true 
issue lies in the fusing of these ele- 
ments. No one can offer a final an- 
swer to that issue, but the great service 
that well-informed and earnest citizens 
can render is in that of exploring these 
thorny fields and providing the tools 
of thought and emotion with which 
workable answers may ultimately be 
developed. 

Perhaps as engineers we have 
leaned too far on evidence and logic 
as guidance and made certainties and 
laws our guide. There is such a thing 
as insight and intuition which the so- 
cial scientist must employ, and it seems 
that there must be a point of contact 
between him and the physical scientist. 

There is no more ordered security 
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for the engineer than there is for any- 
one else. Right now he is enmeshed 
in the universal struggle between free 
enterprise and collective security. He 


- must realize the import of the choice 


between lessened initiative and individ- 
ual freedom in exchange for a so-called 
promised security. Many of us can- 
not be convinced of other than the fact 
that in order to secure wealth, it must 
be produced ; that thrift and investment 
are indispensible; that purchasing 
power does not spring full-bloomed. 
We cannot be convinced that demo- 
cratic principles rightly exercised are 
not by far the most desirable, before 
we should wish unwittingly to relin- 
quish them for principles which, as we 
observe the experiences of other coun- 
tries, do not mean the good life. 
Sometimes it is instructive to reflect 
upon the possibilities of the past, to 
imagine how different things might 
have been if circumstances had been 
different. Suppose our nation had had 
a law requiring that its President be 
chosen only from families of aristo- 
cratic wealth, so that no one could 
have voted for Abraham Lincoln. Sup- 
pose the discoverers of radium, peni- 
cillin, and vitamins had been denied the 
opportunity to bring into being their 


‘talents to benefit mankind. We shall 


never know, regardless of all our bless- 


ings and our favored position in the § 


world, what we have lost because men 
and women who might have been of 
value to civilization were denied the 
opportunity to prove their worth. 

If we truly want a better world, 
there is a way to secure it—start here 


and now to develop and make use of. 


every good mind in our midst and 
never permit a single one to be crushed 
for lack of opportunity We do not 
know where a genius may turn up, and 
we cannot fail to avail ourselves of the 
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adership of every genius in our midst. 
We have proved the value of democ- 
racy even though this is not a perfect 
country. We must apply our ideal of 
mutual respect and see that everyone 
isgiven a chance to prove his worth to 
sciety. This simply means that each 
must do his utmost and his day-by-day 
test, realizing beyond all else his per- 
gnal and social responsibilities in our 
framework of self-government toward 
sting improvement in our nation. 
Three centuries ago, eight to ten 
generations as you choose to figure, 
our nation was practically an empty 
continent inhabited by a half million 
savages or barbarians. What has, in 
# short a time, made it in the opinion 
of the world the deciding factor of our 
times? It must, obviously, have been 
what was transpiring in our midst dur- 
ing this period, nothing more or less 
than the American way. And what 
brs it except a challenge to brave, for- 
vard-looking people to build up and 









defend a great continent by themselves ; 
to fend for themselves; to take their 
chances; and to keep their rewards— 
lage chances, large profits, but some- 
how, an advance for all. Compare 
uch reasoning about voluntary cooper- 
ation of highly competitive industrial 
meerns for the sake of winning the 
ar with what one would expect from 
leveled-off routine performance 
peared to a least efficient index. 
Our geographical frontier may have 
men effectively declared closed with 
entrance of the twentieth century, 
bit our technological frontier was just 
ging at that time; and see where 
emistry alone has taken us to the 
resent time! Cellulose is becoming 
tf more and more important in many 
it our fundamental products for cloth- 
ig; and the deep south may turn into 
vast region of carefully tended forests 
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instead of plants for cotton bolls. Im- 
agine the economic, social, and other 
changes involved. We should do well 
to consider such aspects of our ever- 
changing picture in the days to come. 
Any thought of our having achieved a 
finished economy is simply groundless, 
even as any prediction of actual tech- 
nological unemployment is a pure 
prejudice. Think of the number of 
jobs, when you hear about “techno- 
logical unemployment,” which have 
been created by new inventions and 
materials. In practically every case, the 
new things which have not only made 
new jobs but have added to the com- 
fort or enjoyment of every citizen who 
receives the work and the pay. In 
our nation, we had land and oppor- 
tunity, and have developed a new con- 
ception of what life may be, and what 
enterprise and cooperation can be made 
to serve—not just mere luxuries for 
the few but more of the blessings of 
life for all. 

Enumerate the variety of new goods 
and jobs produced since the beginning 
of the twentieth century, and ask your- 
self seriously how many of them we 
should have if it were not for the in- 
centive of the profit motive on the part 
of countless individuals; or if, on the 
other hand, we had all just folded up 
and demanded our Government to 
make some sort of life for us. Picture 
all the experiments, the failures, the 
losses, the gambling chances taken to 
make one lucky find! No government 
agency can be expected to evolve 
progress in this way since the wish is 
not paid for except negatively, and that 
is what kills initiative in bureaucracy. 

It will not be necessary to maintain 
private enterprise but to permit suth 
enterprise to earn and retain enough 
profit to enable it to make the experi- 
ments and take the risks of loss from 
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them. We cannot go on to more goods 
and more jobs without research; but 
research is slow, risky, and costly. 


Money for it can come from only one 


of two sources, private savings—cor- 
porate or individual—or from the gov- 
ernment via the taxpayer. 

My wish is to impress you with the 
thought that we engineers are respon- 
sible for making our world different. 
We have a responsibility in guiding 
this change. It is only elemental to 
realize that these changes will be 
worthwhile if they improve life for 
human beings. 


ENGINEERING OPPORTUNITIES 


Now that the war is over, engineer- 
ing predominates in all fields which 
will realize the greatest increased em- 
ployment. In the liberated countries 
and in Latin America with its indus- 
trial development, alone, a need for ten 
thousand American engineers and tech- 
nicians is predicted. And, incidentally, 
we are advised that the best way in 
which to win the good will of the 
people of Brazil is willingly to give 
them technical help. Because of 
America’s industrial prowess, the 
youth of South America is increasing- 
ly interested in the United States for 
their engineering education. There was 
a time when they turned to Europe for 
this type of training. 

We know that progress is inevitable 
in our country ; and similarly, we know 
that both technical and scientific de- 
velopment are dependent on the en- 
gineer. He will find his work can be 


stimulating and creative; that it calls 
for a wide range of abilities; and that 
opportunities for advancement are en- 
couraging, e.g., as consultants, execu- 
tives, and functional division heads. 
Further, it is constantly pointed out 
that young men who are qualified en- 
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gineers are going into other fields. One sonal | 


reason for this is that the graduate off OS 
an engineering school finds he is ex "th it 
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sional Development, an advisory serv- 
ee organization acting in accordance 
with its constituent bodies, has con- 
cerned itself with the period following 
the student’s graduation. I believe 
that this is good and significant, for it 
should be a strong factor as should all 
gineering societies, in promoting co- 
ordination, inspiration, and __ social 
awareness at a time when the engineer 
is technically well-equipped and ap- 
proaching maturity, a period when he 
should be appreciative both of social 
and technical forces. 

Previously mentioned was the fact 
that a great percentage of graduates do 
not work in fields for which they spe- 
dalized at school. Often this is not a 
matter of choice. Through activity on 


eld injthe part of societies, waste of engineer- 
ra ing material could be drastically re- 
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What engineers have to do and how 
they should be prepared to handle their 
responsibilities must be continuously 
msidered and defined. Herein lies 


Hone of the greatest contributions of our 


mgineering societies, dealing as they 
do with the broad problem of profes- 
sonal development. Through an ex- 
pression of the principles of the en- 
ineering profession, an indoctrina- 
ion of its standards is effected; and 
uthermore, not only is the individual 
mgineer benefited, but public recog- 
tition and confidence in the profession 
established. 


} Membership in national engineering 
"_pxieties should aid the young engineer 


developing self-confidence; in ex- 
sssing abilities of an organizational 
ature; in providing informal associa- 
mn with senior members; in encour- 
ing further study and greater achieve- 


te ents; in keeping abreast of engineer- 


ing developments and in becoming a 
vital part of these developments. On 
the other hand, your enthusiasm, varied 
points of view, and fresh outlook should 
be of inestimable value to your profes- 
sion, recognition of which is made pos- 
sible not only by the endeavors of in- 
dividuals, but their collective effort as 
well. 

There is so much one would like to 
say to the young engineer—now especi- 
ally when his best efforts are needed 
in a troubled world. Perhaps one 
could do no better in closing than to 
quote “The Faith of the Engineer,” 
formulated by the Engineers’ Council 
for Professional Development : 


FAITH OF THE ENGINEER 


I] AM AN ENGINEER. In my profession 
I take deep pride, but without vainglory ; 
to it I owe solemn obligations that I am 
eager to fulfill. 

As an Engineer, I will participate in 
none but honest enterprise. To him that 
has engaged my services, as employer or 
client, I will give the utmost of per- 
formance and fidelity. 

When needed, my skill and knowledge 
shall be given without reservation for the 
public good. From special capacity 
springs the obligation to use it well in 
the service of humanity; and I accept the 
challenge that this implies. 

Jealous of the high repute of my 
calling, I will strive to protect the in- 
terests and the good name of any engi- 
neer that I know to be deserving; but I 
will not shrink, should duty dictate, from 
disclosing the truth regarding anyone 
that, by unscrupulous act, has shown 
himself unworthy of the profession. 

Since the Age of Stone, human prog- 
ress has been conditioned by the genius 
of my professional forbears. By them 
have been rendered usable to mankind 
Nature’s vast resources of material and 
energy. By them have been vitalized and 
turned to practical account the principles 
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of science and the revelations of tech- 
nology. Except for this heritage of ac- 
cumulated experience, my efforts would 
be feeble. I dedicate myself to the dis- 


semination of engineering knowledge, and: 


especially, to the instruction of younger 
members of my profession in all its arts 
and traditions. 


To my fellows I pledge, in the same 
full measure I ask of them, integrity and 
fair dealing, tolerance and respect, and 
devotion to the standards and the dignity 
of our profession ; with the consciousness, 
always, that our special expertness car- 
ries with it the obligation to serve hy. 
manity with complete sincerity. 
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The title of this paper is a purely 
thetorical question which may be 
answered at once and briefly: engi- 
neers must study statistics. The pur- 
pose of the question is to lead to two 
others: What engineers should study 
statistics? and what facilities should 
engineering schools provide for such 
study ? 

These questions cannot be answered 
tither easily or briefly, nor am I per- 
sonally able to give a complete or final 
answer to either of them. They must 
be answered by engineers themselves, 
such engineers as my friend and col- 
league E. L. Grant, who know statistics 
as well as engineering. I am not an 
engineer, though I have some qualifica- 
tions for speaking somewhat tentative- 
ly to these questions. 

Although the use of statistical meth- 
ods in industry increased by leaps and 
bounds during the war, there are still 
relatively few engineers either in in- 
dustry or in our foremost educational 
institutions who know what statistics 
is who are even fully conscious that 
the word statistics has an important 
meaning in the singular sense. In the 
plural it means figures, but in the 
singular, a branch of mathematics. My 
first major task here is to try to make 
clear what statistics is, and my second, 





*Paper presented at the meeting of Pacific 
Southwest Section, S.P.E.E., Berkeley, Cali- 
fornia, February 23, 1946. 
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to indicate how engineers are using 
statistical methods. Information such 
as I shall present affords the basis on 
which you must endeavor in your own 
institutions to find solutions to the 
problem of helping engineers to learn 
the statistics that they now must learn. 


Two WARNINGS 


Before I turn to these major tasks, 
allow me to post two warning notices. 
First, there are many men who are de- 
servedly classed as professional statisti- 
cians in your own institutions who can 
give you little help wiih this problem 
because they are too ignorant of the 
uses of statistics in industry ; and there 
are not a few such professional statisti- 
cians who will be unable to help be- 
cause they do not themselves know 
enough of the kind of statistics that en- 
gineers need to know. Much of the 
Statistics that an engineer most re- 
quires is beyond the necessary knowl- 
edge of many competent economic 
statisticians, for example; and a good 
bit of it has been discovered so recently 
that routine teachers of statistics have 
not mastered it. In our wartime 
courses in statistical quality control, we 
encountered the difficulty that a num- 
ber of our instructors—people who 
ranked among the respected profession- 
al statisticians of the country—pro- 
tested at the crudity of the statistical 
control chart method which employs 
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the range as a measure of dispersion. 
The. range is simply the difference be- 
tween the smallest and the largest of a 
set of measurements. It has always 
been viewed intuitively as the simplest 
and most obvious measure of disper- 
sion, but until recently it has been re- 
garded as useless for precise quantita- 
tive work. These statisticians did not 
know that fundamental research in 
mathematical statistics some years ago 
established the range as a reliable and 
highly useful measure of dispersion. 
The research is too recent for its re- 
sults to have got into more than a 
handful of the statistical texts and 
manuals. 

I caution you, therefore, to look well 
to the qualifications of any statistician 
whom you consult on the engineering 
uses of statistics. 

My second warning is that you must 
discard the prevalent notion that sta- 
tistics is a subject of principal interest 
to the industrial engineer. There is in- 
deed a category of statistical knowledge 
and skills which is of concern pri- 
marily to the industrial engineer, but the 
engineering applications whose devel- 
opment has led to my position on this 
program concern other classes of en- 
gineers more directly and intimately 
than they do industrial engineers. It 
is still not clear in my mind how much 
these new developments are likely to 
change the needs for the training of in- 
dustrial engineers. It is quite certain, 
‘ however, that they require careful re- 
consideration of the educational re- 
quirements for mechanical engineers ; 
and probably also for electrical, chemi- 
cal, and metallurgical engineers. With 
regard to civil engineers, I am less 
certain. Some jobs that fall naturally 


to civil engineers require for their effi- 
cient handling a good knowledge of 
statistical theory, but I do not know 
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enough of civil engineering to judge 
whether such needs are rare or fre- 
quent. 


Wuauat Is STATISTICS ? 


Early in the war, at the beginning 
of Stanford University’s experiment in 
conducting short intensive courses in 
statistical quality control for war in- 
dustry, Col. O. C. Seagrave, then in 
charge of inspection for the San Fran- 
cisco Ordnance District of the Army, 
told us that we made a mistake in 
using the term “statistical.” There 
was much point to his remark. The 
word statistics brings to the minds of 
most people quantities of figures, 
whereas we were concerned with 
statistics as a means of getting more 
information out of fewer figures. 

Engineers are familiar with a similar 
problem. When you speak to the lay- 
man about mechanics, he thinks at once 
of people who work on automobiles, or 
who pretend to work on them. Such 
misunderstanding presents a difficult 
problem if you have to talk much to 
laymen about the principles of mechan- 
ics, and you know that it cannot be 
solved merely by finding another word 
to carry your meaning. The real diffi- 
culty is that the layman does not pos- 
sess many of the concepts and ideas 
associated with the subject. He must 
become acquainted with those concepts 
and ideas before you can discuss them 
intelligibly with him. 

So it is with statistics. You cannot 
understand a discussion of statistics um 
til you know what statistics is, and you 
cannot learn much about statistics in 
half an hour. For the ordinary engt 
neer to acquire understanding of ste 
tistical discussion takes many hours d 
attentive study and thought, just as it 
would take me many hours to learn 0 
discuss mechanics intelligently. 
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SHOULD ENGINEERS STUDY STATISTICS? 


One feature of statistics that needs 
to be emphasized at the outset is its 
character as a subject which deals with 
concepts and ideas, some of the most 
important of which are relatively new 
and are still largely unfamiliar to 
people whose scientific and technical 
training is otherwise excellent. They 
are of course dealt with mathemati- 
cally, but for anyone who is not mak- 
ing active technical use of statistics, 
the important aspects of the subject are 
the concepts and ideas and not the 
mathematical. apparatus for handling 
and applying them. It is impossible 
for me to present the essence of the 
subject in a part of one short paper, 
but I shall try to give you a significant 
taste of the subject, if only a small one. 

One basic concept of statistics is that 
of the frequency distribution. I shall 
assume that all of you have met and 
mastered that concept, though I know 
from wide experience that it is un- 
familiar to most people in industry, 
who have much need for it. Perhaps 
you may recall that you had some 
difficulty in grasping the concept of the 
frequency distribution when first intro- 
duced to it. The circumstances of my 
introduction were such that I remem- 
ber vividly my difficulties of compre- 
hension. After a period of mental 
struggle, I got the idea clear, and then 
I was puzzled and chagrined that what 
finally appeared so simple an idea had 
caused me so much trouble. 

What, then, does the statistician do 
with this concept? The principal sta- 
tistical use of frequency distributions— 
(Il am speaking now of the brand of 
Statistics that is of widest concern to 
engineers) is in connection with an- 
other statistical concept: that associ- 
ated with the problem of evaluating the 
confidence to be placed in calculations 
from numerical data. This concept in 
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its simpler forms is familiar also to 
most engineers, I believe. You deal 
with it in terms of probable error. In- 
cidentally it should be remarked that 
statisticians long ago stopped talking 
about probable errors. There is noth- 
ing particularly wrong with them; they 
are simply outmoded, like the recipro- 
cating marine engine. 

I have talked with a distinguished 
engineer who held rather firmly that 
there is nothing much to statistics ex- 
cept the Gaussian frequency distribu- 
tion and applications of it. One re- 
mark pertinent to such a view is that 
perhaps there is nothing to differential 
and integral calculus except applica- 
tions of the idea of considering very 
small changes. Another appropriate 
response is that the Gaussian frequency 
distribution really occupies a rather 
unimportant place in modern applied 
statistics. That statement will shock 
some of my statistician friends, but I 
believe that there are few who will 
not agree on a little reflection. It was 
the great Poincare who wrote fifty 
years ago,* quoting M. Lipmann: 
“Everybody believes in the law of 
errors, the experimenters because they 
believe it is a mathematical theorem, 
the mathematicians because they think 
it is an experimental fact.” That state- 
ment carries wider implications today 
than were originally intended. 

The Gaussian distribution occupies 
indeed the position of highest honor in 
statistics, but a position in some re- 
spects like that of a venerable emeritus 
professor who long Since ceased to do 
much work. He is honored for what 
he has done; his example is an inspira- 
tion to all; and his works are studied 
as a background for more recent in- 
vestigations; but if you want a job 


*In Calcul des Probabilités. 
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done, you go to one of the younger 
professors. Many an active and highly 
competent practicing statistician will 
work for years without ever using the 
Gaussian distribution. If all the tables 
of that distribution were lost, he would 
not miss them. He may use the time- 
honored companions of the Gaussian 
distribution, the binominal and the 
Poisson, which have, so to speak, re- 
newed their youth and vigor; he uses 
most often the “alphabetical” distribu- 
tions—the distribution of ¢, the distri- 
bution of F, the distribution of z, and 
the distribution of X*;—and he may 
have much use for that newcomer, the 
distribution of the range. 

It should especially interest this 
audience that the first and perhaps still 
the most important of this company of 
relatively new frequency distributions 
was discovered and published forty 
years ago by the statistician of a brew- 
ing company. The use of statistics in 
industry is not an innovation of yester- 
day; what is new is the discovery of 
the very wide scope of applicability of 
statistics in industry. That scope is 
itself largely the result of statistical 
discoveries and inventions of the last 
twenty years or so. 


ENGINEERING UsEs or STATISTICS 


I have spoken as long as I may of 
what statistics is, and of course you do 
not have a much clearer idea than you 
sat down with. It will satisfy me well 
if you have gathered only that to learn 
what statistics is requires some serious 
study, and might -be worth it. I turn 


now to the question of engineering uses 
of statistics. 

When an engineer speaks of engi- 
neering uses of electronics, he speaks 
commonly, I suppose, of uses of elec- 
tronic devices; but he knows that pri- 
mary importance attaches to the knowl- 
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edge rather than to the devices that 
embody it. So, at least, it is with 
statistics. 

We may well consider first statistics 


‘in research. If research involves only 


one independent variable, and if the 
results need not be very precise, or if 
data can be had in abundance at little 
cost, the research has no need for sta- 
tistics. If, however, the experimenter 
cannot control all but one variable, or 
if data are expensive, he will do well 
to consider bringing statistics to his 
aid. Statistical analysis will sometimes 
reveal facts that would have been 
missed without it, and it is essential if 
the experimenter wants confidence that 
the data are adequate to support con- 
clusions without piling up a clearly 
superfluous volume of data. Drawing 
conclusions without statistical tests is 
like building a suspension bridge with- 
out knowledge of the tensile strength 
of the cables. A perfectly safe bridge 
can be built without such knowledge, 
but it will be unnecessarily expensive. 

Perhaps the most important use of 
statistics in experimental research is 
one that is commonly discovered too 
late. The experimenter collects his 
data, tabulates them neatly, calculates 
averages and draws charts. After 
sweating over the results for a few 
weeks or months, he takes them to a 
statistician for help. If he has been so 
fortunate as to find a sympathetic and 
really competent statistician, the two 
work together for a while; they come 
out perhaps with a conclusion or two 
that the experimenter had missed; the 
statistician confirms the experimenter’s 
fears that most of his data really do not 
prove anything; and then the statisti- 
cian gently breaks the news that the 
experiment was not planned properly. 
The experimenter should take this 
news with due humility, but instead he 
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SHOULD ENGINEERS STUDY STATISTICS? 


will probably ask the statistician what 
he knows about airfoils and wind tun- 
nels. 

It may be that the statistician had 
never heard of a wind tunnel before 
he was brought this problem, but if 
he is competent, he now knows some 
things about this sort of a wind-tunnel 
experiment that no aeronautical engi- 
neer who is not also a good statistician, 
could have learned by himself. One 
of the most important and most difficult 
branches of modern statistics goes un- 
der the title “The Design of Experi- 
ments.” Its motto might well be: “If 
you have a large and complicated ex- 
periment to conduct, call the doctor 
before you need the undertaker.” 
Every competent statistical consultant 
far too often has the unpleasant and 
usually ungrateful task of telling the 
experimenter that his data, assembled 
with so much labor and scientific de- 
votion, are fit only for a quiet burial. 

After scientific and engineering 
knowledge has been obtained, it is used 
in design. Here again statistics is 
needed. It is not enough for the design 
engineer to know the average strength 
of aluminum spot welds; he should 
know also their variability; and he 
should know the extent to which the 
usual variability of spot-weld strength 
can be reduced and the average 
strength increased through simple sta- 
tistical control of the welding operation. 

Usually after the design engineer has 
finished his job, someone else assigns 
the tolerances for dimensions. Sir 
Charles Galton Darwin, Director of the 
National Physical Laboratory in Great 
Britain, made a pointed remark on the 
subject of tolerances a few years ago. 
Too often, he suggested, tolerances 
look as though their setting had been 
assigned to a junior assistant drafts- 
man who, “anxious not to get himself 
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into trouble, would, as a general rule, 
think of the smallest number he knew 
and then halve it.” * Quality of prod- 
ucts will be improved, many production 
headaches eliminated, and costs re- 
duced, when tolerances are properly 
based on statistical information regard- 
ing economical limits of variation under 
good production practice and regard- 
ing true functional requirements. 

When design specifications have 
been fixed, they will usually be found 
quite inappropriate for inspection pur- 
poses. It is one thing to write specifi- 
cations that state clearly and simply 
what the design engineer wants and 
needs ; it is quite another thing to write 
specifications by which the inspector 
can economically and reliably assure 
that requirements are met. Whenever 
any large volume of inspection is re- 
quired, it is likely to pay well to have 
the specifications completely rewritten 
from the standpoint of practical inspec- 
tion requirements. Anyone who 
wants to pursue this topic further 
should study carefully the new specifi- 
cations being issued by the Bureau of 
Ships of the U. S. Navy. All Bureau 
of Ships specifications are being re- 
viewed, and as rapidly as possible are 
being revised to utilize modern statis- 
tical principles. 

Research, design and specifications, 
all requiring statistics, lead to produc- 
tion. It is in conjunction with produc- 
tion, including assembly and packag- 
ing and the associated inspection opera- 
tions, that use of statistics in industry 
is just now expanding sensationally. 
These uses, going generally under the 
name of statistical quality control, are 
doubtless being over-sold here and 
there. Broadly, however, and neglect- 
ing special cases influenced by mis- 

* “Statistical Control of Production,” Na- 
ture, May 23, 1942, p. 573. 
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taken ideas or bad judgment, statistical 
quality control is only just beginning 
to come into its own. Less may be 
written and said about it in the future 
than in the recent past. It is a bright 
new idea now, which later may be 
almost as prevalent, yet as little no- 
ticed, as electric lighting. 

So much has been said and written 
elsewhere on statistical quality con- 
trol * that we may pass that use of 
statistics with only two further re- 
marks. The first is that mistaken ideas 
of statistical quality control are still 
prevalent, based on knowledge as it ex- 
isted ten or twenty years ago. Today 
nearly anyone will have to make sev- 
eral guesses before he strikes a type of 
production establishment in which sta- 
tistical quality control has not found 
a useful place. The second remark is 
one I want to put in the words of Fred 
Trowbridge, engineer in charge of in- 
spection, testing and production con- 
trol for Sentinel Radio Corporation. 
Trowbridge started using statistics 
seven or eight years ago with the idea 
that only one or two people around a 
plant needed to understand the meth- 
ods. A year ago he wrote: “‘to achieve 
maximum benefits, it is essential that 
an appreciation of statistical philosophy 
be nurtured in the minds of production 
people and that these ideas be diffused 
as widely as possible among operating 
personnel.” + 

Finally, let me mention a quite dif- 


*I have summarized some of the recent 
developments in an article in the December 
1945 issue of the Journal of the American 
Statistical Association and a shorter paper in 
the January 1946 issue of the JouRNAL OF 
ENGINEERING EpUCATION. 


} “Statistical Quality Control in Radio 


Manufacture,” Quality Control Reports, No. 
5 (available from Production Research and 
Development Division, U. S. Dept. of Com- 
merce). 
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ferent example. It was a professor of 
classics, if I am not misinformed, who 
led irrigation engineers to the use of 
statistical methods to improve their 


‘predictions of stream run-off from 


mountain watersheds.* 


INSTRUCTION IN STATISTICS 


What are the revisions in engineer- 
ing instruction that are required to 
catch up with the progress of the last 
fifty years in statistics? I have stated 
my incompetence to give a final answer 
to that question, but having devoted 
three very busy years to teaching sta- 
tistics to engineers and helping them 
with their problems, I should be shirk- 
ing duty if I did not venture an opin- 
ion. 

There are four things which, in my 
judgment, are needed. First, engineer- 
ing schools must establish evening 
courses and special intensive short 
courses for men already in industry, to 
help them remedy their present ignor- 
ance of statistics. Several prominent 
engineering schools have already made 
a start toward meeting this need, of 
which I have said a good deal in two 
recent articles already mentioned.j 

Second, all engineering students 
should have a good course in statistics, 
occupying say three hours weekly for 
a quarter or a semester. It should be 
a course of quite different character 
from that now commonly given for in- 
dustrial engineers. It should not aim 
at making statisticians of the students, 
which would be quite impossible in the 
time available, but should aim instead 


*I refer to James Edward Church, of the 
University of Nevada, whose hobby won him 
international distinction as a meteorologist 

+See page 10 above. The Statistical 
Journal article contains much pertinent i 
formation omitted from the shorter paper 
the Journat of the S.P.E.E. 
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SHOULD ENGINEERS STUDY STATISTICS? 


merely at acquainting them with fun- 
damental statistical concepts and put- 
ting them in a position to extend their 
knowledge of statistics when the need 
arises. It must include, of course, 
some instruction and practice in the use 
of statistical techniques, not primarily 
for the sake of the techniques them- 
selves, but to give the students a chance 
to firmly grasp the concepts. 

Third, some institutions at least must 
provide facilities for advanced instruc- 
tion in engineering statistics. Most 
engineers need to know only the basic 
principles of statistics and perhaps a 
few statistical techniques especially 
suited to the problems they commonly 
meet, but every large industrial con- 
cern needs to have at least one person 
who is a reasonably competent statis- 
tician. 

Finally, most engineering teachers 
need to revise some of their lectures. 
Problems to which the concepts of 
modern statistics are vitally pertinent 
are scattered all through the subject 
matter of engineering. Today these 
problems are treated usually with com- 
plete neglect of their important sta- 
tistical aspects, or with a long out- 
dated view of those aspects. It is not 
to be expected that the ordinary teach- 
er of engineering should take account 
of yesterday’s discoveries in statistics, 
or even of all the important and perti- 
nent discoveries of the last ten or fif- 
teen years. Few teachers of statistics 
do so well. But engineering instruc- 
tion should not be fifty years out of 
date as regards the statistical aspects 
of its material. 

The foregoing comments imply that 
the needs for change in engineering 
curricula and for revision of many 
courses is urgent. Emphasis on this 
urgency should be accompanied by a 
counsel of caution in making the 
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changes. Good statisticians are scarce 
in relation to the demands for them 
today, and scarcer yet are people who 
knew enough statistics and who have 
also the temperament and point of view 
to advise wisely on engineering sta- 
tistics, to teach statistics as it should 
be taught to engineers, and to consult 
effectively on the statistical problems 
of engineers. 

And now, Mr. Chairman, I await 
with some fear and trembling the 
“chain reaction” that I have probably 
touched off. 


NOTE ON STATISTICAL 
LITERATURE 


Because statistical theory has been advanc- 
ing so rapidly, there is no text in the field 
which can be recommended without qualifi- 
cation. A comprehensive list of publications 
on engineering statistics appears in “Bibliog- 
raphy on Statistical: Quality Control,” Qual- 
ity Control Reports No. 11, 1945 (Produc- 
tion Research and Development Division, 
U. S. Dept. of Commerce), compiled and 
edited by Dorothy W. Goodfellow and Mason 
E. Wescott respectively. To the list of books 
included therein (pp. 46-48), may be added: 


Tippett, L. H. C., Statistics, New York, Ox- 
ford Univ. Press, 1944. (A _ primarily 
non-mathematical book dealing with con- 
cepts and uses. The author is Statistician 
to the British Cotton Industry Research 
Association. ) 

Grant, E. L., Statistical Quality Control, 
New York, McGraw-Hill (in press). 

Peach, Paul, An Introduction to Industrial 
Statistics and Quality Control, Raleigh, 
N. C., Edwards and Broughton, 1943 (out 
of print; revised edition in press). 


Probably the most popular book among 
statisticians for their own personal use is 
Yule, G. U. and Kendall, M. G., An Intro- 
duction to the Theory of Statistics, London, 
Charles Griffin and Co., Twelfth edition, 
1940. It is fairly mathematical in style 
though it does not presuppose acquaintance 
with differential calculus. 

The principal American works written 
primarily for engineers are: 
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Freeman, H. A., Industrial Statistics, New 
York, John Wiley and Sons, 1942. 

Fry, Thornton C., Probability and Its En- 
gineering Uses, New York, D. Van Nos- 
trand Company, 1928. 

Grant, E. L.; Peach, Paul (cited above). 

Shewhart, W. A., Economic Control of 
Quality of Manufactured Product, New 
York, D. Van Nostrand Company, 1931. 

Simon, Leslie E., An Engineer's Manual of 
Statistical Methods, New York, John 
Wiley and Sons, 1941. 
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Anyone particularly interested in the Shew- 
hart statistical control chart and its uses 
should consult also: 

American Society for Testing Materials: 
“Manual on Presentation of Data,” Sup- 
plement B, fifth printing, 1945. 

American Standards Association, New York: 
“Guide for Quality Control and Control 
Chart Method of Analyzing Data,” Z12, 
1941, 

American Standards Association, New York: 
“Control Chart Method of Controlling 
Quality During Production,” Z1.3, 1942, 
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Creative Engineering Research: Its Stimulation 


and Development” 


By W. R. WOOLRICH 


Dean of Engineering, The University of Texas 


THE MANDATES OF RESEARCH TO 
INDUSTRIAL PROGRESS 


In highly competitive industries, es- 





ycially those exploiting new and un- 
iodden fields, the activity of competi- 
ors drives all existing companies to 
indulge in extensive research if they 
would survive. Paradoxically, prob- 
aly many such companies will not 
wrvive even with their facilities for re- 
varch, due to their inability ever to 
produce any one item or model for a 
img enough period to arrive at the 


|pofit-making or the so-called “break- 


even” point. 

The losses, sustained by industrial 
aventures in effecting the introduction 
ofa new type of machinery on the 
market of the United States, are some- 
limes staggering. In 1914, ninety-four 
wmpanies displayed automobiles in the 


‘Wew York automobile show, yet at 








that time the national demand was rela- 
ively small. Fourteen years later only 
thirty-five companies were producing 
il of the automobiles of the United 
States. Only a small portion of those 
ompanies that existed in 1914 could 


‘}& identified in these surviving thirty- 


ive, yet our annual demand of auto- 





*Paper given before S.P.E.E. Executive 
\ouncil and Administrative Division officers 
ting at Pittsburgh, Pennsylvania, on 
December 7, 1945. 
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mobiles had increased many fold. This 
is just a part of the story, for within 
these same fourteen years many other 
new companies had come into being, 
made their debut, then after a financial 
struggle closed their doors in distress. 

This same story has been repeated 
again and again within the United 
States. You might tabulate the names 
of the manufacturers of tractors, of re- 
frigerators, of washing machines, and 
of radios of the past quarter century, 
then review the list of those surviving 
in 1940. It presents an amazing pic- 
ture of American sportsmanship in try- 
ing to play the manufacturing game 
with the statistical odds against ulti- 
mate survival of most of those who 
make the try. 

Paradoxical as it may seem, Amer- 
ica’s readiness to destroy is responsible 
for much of her success in creative en- 
gineering and research. It is not un- 
common to find manufacturing plants 
in the highly competitive fields in which 
a depreciation of 100 per cent in one 
year is considered sound business for 
all tools and special equipment. In 
such an atmosphere the man with in- 
ventive imagination certainly has an 
incentive to create the new. © 

American industry is replete with 
examples of machines becoming obso- 
lete by technological advances so 
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quickly that the new replacement units 
were actually in the process of pro- 
duction before the original units had 
been completely installed. It takes 


courage to make a new investment. 


which calls for the destruction of a 
very recent investment, but it is this 
readiness to destroy that gives life and 
zest to research and enables the Ame- 
ican manufacturer to lead in most fields 
of production. 

When an industry which involves a 
given class of equipment grows up, this 
destroying schedule is given some con- 
trol. It is well known, for example, 
that the changes in the design of auto- 
mobiles have reached the metered stage 
and the public is handed out a meas- 
ured number of improvements each 
year under the well-sounding title of 
new models. Those who are best ac- 
quainted with the automobile industry 
can attest to the practice of keeping 
at least three seasons ahead of the pro- 
duction line in approving future de- 
signs and models. 


YOUTH AND CREATIVENESS 


Youth has more courage to attempt 
seemingly impossible things than is 
characteristic of older men. When and 
how are these young men to be found? 

As has been repeatedly pointed out 
by others, a survey of the great inven- 
tions of the United States reveals that 
a large number of the basic inventions 
are from the creative works of very 
young men. Westinghouse invented 
the air brake when only twenty-one 
years of age; McCormick was twenty- 
two when he patented the harvester ; 
and Howe contributed the sewing ma- 
chine at the age of twenty-seven. 

Those who have indulged in inven- 
tive work know that many years of ex- 
perimenting preceded the actual patent- 
ing of a device. These men mentioned 
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above were, then, well within high df geniu: 
school or college age when they under-Bijose w! 
took their experimental work. dea—th 
Unfortunately, in many of our sti-fijons, 
entific and engineering colleges of thisfgarching 
land too many of the faculty men whofigture. 
could inspire creative research and de ig idea: 
sign confine their teaching to theliefined. 
senior and graduate years. Probablyfigther i 
the “hunting” would be more fruitfyl ily eme 
if it were projected back even to meref_a rewz 
freshmen or to high school students. fyhat has 
Some of our large manufacturingfion to t 
companies have recognized this cresfie futur 
tive urge of youth and are successfully§ Such < 
promoting searches over the Unitedfinly of 1c 
States for young men of genius in thefigg and, 
high schools. The writer predicts thatimy be 
much more of this type of searching geniu: 
will be done in future years. in emph 
A very general trend of the highfhard wor 
school administrators has been to elim 
inate such science courses as physics, 
chemistry, and physiology and to 
reduce the mathematics courses to afaiticism 
critical minimum. This backward§sentists 
movement needs the thoughtful attenfiave acqu 
tion of every scientist, engineer, andfontribut 
lay citizen of this continent. id have 


a forded | 
INVENTION AND THE “FLASH antes 


” = 
oF GENIUS iy their 


In the legal arguments in Washing} There 
ton relative to the rights of inventot§fomance- 
there has been much said about tiiusceptib! 
“flash of genius.” An invention Ofmrt of a 
discovery has been portrayed as aiid Asiat 
idea that suddenly comes down out @fivhere al 
the ethereal to the mind of the searde 
er; and without much effort on i 
part it becomes his discovery and, il 
patented, his property. 

Where do these ideas come from? — 

The process of discovery is long 
arduous. It combines intelligence 
intuitiveness well coordinated into # The U; 
search in the unknown. This “fla 


TH 
During 
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high#of genius” is the reward that comes to 
indet-fihose who have first the germ of an 
iea—then, as this grows in propor- 
iT St-fijons, there develops a _horoscopic 
of thisfyarching and visualization into the 
At first this parade of confus- 
: mg ideas is most kaleidoscopic and ill 
0 thefiefined. But as the searcher gazes 
obably further into this future, there eventu- 
ruitiul fly emerges a clearly defined solution 
) mere}-a reward for complete saturation in 
nts. fyhat has gone before and a consecra- 
turingfijon to the task of seeking avidly into 
cree Bhe future. 

ssfully§ Such an intuitive conception is born 
Jnited fmly of long hours of intelligent search- 
in thefigg and, while the rewarding moments 
ts thatimy be poetically defined as a “flash 
rchingif genius,” Edison was most correct 
m emphasizing, “The only genius is 

high- tard work.” 


THE CREATIVE IMMIGRANT 


During the past six years much 
iticism has been made of the refugee 
entists within the United States who 

ye acquired national acclaim for their 
«tributions to our scientific literature 
ad have received popular recognition 
diorded them by a public that has been 
mhanted by their salesmanship and 

__ Py their optimistic enthusiasm. 
ishing] There is no question but that the 
entofiimmance-loving public has been most 
ut thlusceptible to the over-selling on the 
of a goodly number of European 

i Asiatic refugees, especially in fields 

tre abilities could not be readily 

ured. There are, however, many 
iiiindreds of these refugees who are of 
Mbvery high type of personality. These 
m have taken their places with due 
mility beside our American engi- 
and scientists and are making a 

feat contribution to our American life. 

The United States owes much of its 

st invention to men of foreign birth. 
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The modern European environment is 
not conducive to invention except as 
it relates to war and defense. The 
European economic structure is such 
that its needs and wants in peace can 
be fulfilled by a continuation of the 
old. This represses research. 

From the list of highly trained men 
who have during recent years found a 
haven for research from their European 
oppressors, America can expect a new 
upsurge of scientific invention during 
the years ahead. These refugees from 
Europe have been trained to work with 
great intensity and for long hours. Out 
of their consecration to the tasks they 
initiate for themselves we can expect 
them to produce significant results. 


FALLACIES OF EUROPEAN GREATNESS 
IN RESEARCH 


In Mechanical Engineering for Feb- 
ruary, 1943, Dean A. A. Potter wrote, 
“Few realize that the Americans, to a 
greater degree than any other people in 
the world, are responsible for the most 
epoch-making inventions of the past 
century.” * 

A review of the great inventions of 
the world since the industrial revolu- 
tion shows a preponderance of Euro- 
pean inventors prevailed before 1840 
but, during the past one hundred years, 
American inventors have pressed for- 
ward into the front position. As is 
indicated in the attached table of the 
U. S. Patent Office, more patents are 
granted annually in the United States 
than in any two other countries of the 
world and the United States grants a 
lower percentage of patents to foreign- 
ers than any other nation. 

The migrations of recent years of 
eminent scientists from Europe, to- 

*A. A. Potter, “The Pride of America,” 


Mechanical Engineering Vol. 65 (1943), p. 
133. 
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TABLE 
PATENTS GRANTED By VARIOUS COUNTRIES 
SHOWING PROPORTION GRANTED TO 
FOREIGNERS 
(Figures by U. S. Patent Office) 
(Conway Coe, Commissioner) 








Per- 

‘ r centage 
of Granted} Granted 
Patents | to For- | to For- 
Granted| eigners | eigners 


Annual | Num- 
No be: 





13.2 
25.8 
49.9 


United States...... 48,697 
20,621 


20,025 


6,421 
5,327 
9,994 
Great Britain 
(1930-5)......... 51.7 
63.8 


90.3 


18,417 
10,634 
9,269 
7,315 
7,307 
4,845 
4,475 
3,613 
2,840 
2,674 
2,460 
2,334 
1,845 
1,590 
1,428 
1,078 


9,522 
6,782 
8,368 


55.6 
24.0 


gi 
Switzerland (1930-6) 
Japan (1930-6)..... 


4,066 
1,165 


2,749 | 76.1 


Holland (1930-5)... 80.9 


Australia 


2,164 


66.4 
72.2 


1,056 
1,031 














Numbers are averages for eight years 1930— 
37 unless otherwise indicated. 


gether with the great incentives to na- 
tive-born engineers and scientists for 
new invention in both productive and 
destructive equipment, should give the 
United States a new advanced position 
of leadership, never before realized. 
Further, this great pool of creative 
technologists should do much in solving 
many of our post-war employment 
problems. 


CREATIVE RESEARCH IN Our Ebvu- 
CATIONAL SYSTEM 


A fundamental activity of scientific 
and engineering education is given by 
some authorities of engineering educa- 
tion as “the fostering of research as a 
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function collateral to teaching.” If i 
is accepted that research should hay 
primarily, an educational objective with 
the material results only incidental f 
the educational process, then research 
within educational institutions will not 
become competitive within the instity 
tion with the educational function, 
There are some examples in American 
universities and colleges, however, 
where the commercial research objet. 
tive has seriously disrupted the teach 
ing personnel. 

Creative research in the educationl 
institution should be approached from 
a broad viewpoint. For example, a 
complete industrial analysis of the 
economic possibilities of a proposed 
plant for processing available kaolin 
might incite more creative inspiration 
and courageous industrial frontiering 
than the invention of a new typed 
radio transmitter. The development 
of a new small industry is a creative 
enterprise of a very real type and may 
call for much more ingenuity than th 
invention of some new instrument d 
equipment. 

Probably the greatest mistake mate 
in university and college research 8 
the failure to lead the way in following 
through to the point of useful applice 
tion of creative invention. Mr. Charles 
Kettering realistically refers to i 
three stages of creative invention ® 
(1) the idea stage, (2) the “shirt log? 
ing” stage, and (3) the profit-makig 
or mass production stage. 
necessary to provide the lead 
and inspiration to guide the stud 
through this “shirt losing” stage, if 
is to develop that confidence necessaf] 
to become productively creative in i 
years ahead. 

In every university scientific or @ 
gineering laboratory that has been 
tablished for a decade or more fi 





It is veyg Ourag: 


CREATIVE ENGINEERING RESEARCH 


are too many projects that have been 
discontinued because of the lack of in- 
spirational leadership from the direct- 
ing personnel through the second stage. 
Federal and industrial laboratories are 
likewise not without their own sins 
of omission in this failure to follow 
through promising research. The writ- 
ee found one of the most fruitful 
sources of possible new enterprises 
was the dormant discoveries—already 
through the laboratory stage—per- 
mitted to rest peacefully in some de- 
partment archive in Washington. 


TRACKING IN CREATIVE RESEARCH 


An argument can always be started 
with contemporary scientists and en- 
gineers whether a research department 
can reproduce itself. There are many 
examples of research departments in 
both colleges and in industries ascend- 
ing to notable heights and then becom- 


ing disappointingly decadent with the 


passing of the original leaders. This 
deterioration is particularly noticeable 
where the leadership has been highly 
individualistic, especially in fields of 
rapid change. 

Creative research is not imitative. 
It requires inspiration and a minimum 
of dictation. When a research depart- 
ment cannot reproduce itself from gen- 
tation to generation, the responsibil- 
ity must be placed largely on the lack 
if inspirational leadership of the guid- 
ing director. Tracking and the en- 
touragement of tracking are likely to 
be fatal. 

Research departments can be made 


if eg 0 reproduce themselves only through 
sang iitelligent leadership, whether that 


iy kadership is available from the depart- 
ment itself or must be supplied by 
someone from outside of the depart- 
ment who is in a position to maintain 
in objective view of the job to be done. 
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RECOGNITION OF CREATIVE ENGINEERS 
AND SCIENTISTS 


In no one phase of American life 
has the United States been more ne- 
glectful than in her failure to recognize 
individual creativeness. Biographers, 
technical societies, and scientific acade- 
mies have all been too prone to forget 
the frontier builders of scientific United 
States and pay homage to the political, 
military, and literary leaders of the 
nation. 

A library search recently made by 
the author for a biographical sketch of 
one hundred men catalogued as giving 
the United States her greatest inven- 
tions revealed that many of them were 
absolutely “lost souls” in the library 
records; a second group, although 
listed in the principal encyclopedias 
and biographical libraries, had only in- 
cidental mention made of their prin- 
cipal invention, while a third group 
had been well recognized. There did 
not seem to be much relation to the 
space afforded them in their respective 
biographies and the relative importance 
of their inventions. It was evident that 
some few had had good biographical 
sponsors while others who had made 
as great, or perchance a greater, con- 
tribution remained unproclaimed on 
the printed page. 

Probably this failure to memorialize 
these geniuses of the past is as serious 
a damper on creative invention as any 
one factor. Young men have raised 
the questions repeatedly, “Why are 
there so few scientists in the Hall of 
Fame at Washington, yet this nation 
is considered the haven of scientific in- 
ventors? Why do scientists on the 
Continent receive long written citations 
for their work while in the same fields 
our United States scientists are some- 
times. completely forgotten? Why 
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don’t we, like England and the Con- 
tinent, glorify our scientists by high 
national recognition ?” 

Some of these questions are not 


within our immediate power to answer, ° 


but the living scientists of each state 
should see to it that the illustrious 
sons and daughters who have con- 
tributed to science do receive bio- 
graphical recognition at least equal to 
that of the contemporary contributors 
to politics, military advancement, and 
literature. 


Can We CHALLENGE THE MEN WHO 
Have CreaTeD New DEVICES FOR 
WakR IN THE IMMEDIATE YEARS 

or PEACE? 


One of the most significant prob- 
lems facing all of the creative scien- 
tists, and it is facing them right now, 
is, “How can they keep the curve of 
creative discovery and invention, that 
has been so greatly stimulated upward 
by the war, continuing on its upward 
climb ?” 

Many hundreds of these men who 
have made their contributions in the 
science fields during the war will ex- 
perience great changes in environment 
and incentives as they swing into the 
procedures of more conservative peace- 
time life. Will they lose their enthusi- 
asm for creating new designs and for 
making new discoveries when they re- 
turn to peacetime existence? 

No doubt these men will lose their 
enthusiasm for doing new and creative 
things if the leaders in their several 
professions do not do all within their 
power to inspire the very best in each 
one of these men and help to remove 
some of the hurdles from the success- 
ful prosecution of their creative work. 

Specifically, those men who return 
to the class rooms, and especially those 
who are interested in graduate re- 
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search, should be challenged with 
greater problems than they left behind 
in industry or in war laboratory. Are 
our faculties prepared to offer such 
challenging studies in our American 
universities ? 

Again there are those men who will 
return to industry from major activities 
at the front. Are we prepared to chal- 
lenge them? Scores of these men have 
been on large enterprises where quick 
and creative decisions were essential 
procedures hourly. As many of these 
men take their places in quiet civilian 
life at greatly reduced salaries and re- 
sponsibilities, what can be offered them 
to bring forth their best effort and 
zeal ? 

These questions might be multiplied 
many fold. If the scientific men of 
America would push forward under the 
stimulus of their work of the past four 
years, they must plan on keeping sci- 
ence and scientists ever progressively 
on the march. They must find ways of 
utilizing the brilliant and capable man- 
power that has made our defeat of Ger- 
many and Japan possible. The period 
of the past four decades, 1900-1940, 
will be completely overshadowed by the 
new inventions, discoveries and accom- 
plishments of the period 1940-1980, if 
scientific and industrial leaders do their 
part in harnessing the creative genius 
of these men. 


Can WE MAINTAIN NEW FRONTIERS 
IN THE UNITED STATES? 


There are those who seriously ques- 
tion whether the scientific men of 
North America can maintain the high 
leadership in creative invention when 
the nation grows old. Some predict 
we, too, will adopt the conservative 
attitude of those in Great Britain and 
Europe. If the United States will con- 
serve her resources in soil, in minerals, 
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with |i fuel, in power and in humanity it- 4. Creative discovery must rely on 
hind {cf then her growth in new endeavors _ intelligent activity and devoted study 
Are jis nearly boundless. If she permits to bring forth those intuitive powers 
such Jierself to decay within, both scientifi- that are sometimes rewarded by new 
ally and spiritually, then she too will invention or the manifestation of “flash 


ri 

a go into senility and her creativeness of genius.” 
will |will be less and less effective. 5. It is a great incentive to many in- 
ities Mmeaeapene ventive minds if a definite and useful 
chal- application is presented as a goal to be 


|. To lead in research, we must be achieved. Discovery thrives most 
yuick | ready to destroy the old to give a place where new invention is given an oppor- 
ntial }othe new. Life cycles established by tunity for development. 

hese file Creator in which a place is given 6. During the past one hundred 


ilign each generation by the passing of the years the United States has surpassed 
j re Jged of the generations spent is the any two of the other nations of the 
hem |jattern for progress in creative in- world in epoch-making inventions. 


and | vention. 7. The research in any institution 
2. Greater emphasis should be placed cultivating creative thinking should 
lied |i2 our educational system on develop- possess enough latitude to encourage 
» of }itg ingenuity in our students. Too new thinking. Too much tracking 
- the | ew graduates of our colleges are to be should be discouraged in research. 
four | ound in the catalog of great American 8. The scientists of every state of 
sci- | inventors. the United States should encourage 
vely | 3 More effort should be expended biographical recognition of those who 
g of | discovering young men and women of have made their contribution to their 
nan- | Teative ability. Experience indicates profession. The scientists of this na- 
Jer- | there is great virtue in developing this tion have been remiss in this matter of 
riod | attribute at an early age. recognition of contemporaries. 
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Engineering Student Enrollment Growing, 
But Far From Normal* 


By WILLIAM B. PLANK 
Head, Department of Mining and Metallurgical Engineering, Lafayette College 


The grand total of 73,269 engineer- 
ing students enrolled in the United 
States and Canadian schools as of 
November 5, 1945, and as shown on 
the following tables, will not greatly 
remedy the 150,000 deficit that is re- 
ported by Dr. Vannevar Bush, Director 
of the U. S. Office of Scientific Re- 
search and Development, to exist in the 
engineering and scientific manpower 
supply. 

These figures were received in ad- 
vance from the S.P.E.E. and are given 
in detail in the January, 1946, issue of 
the JoURNAL OF ENGINEERING Epvu- 
CATION. 

Although the enrollment on Novem- 
ber 5 has increased 76 per cent over the 
low of 41,632 in 1944-45, it is still 36 
per cent below the peak enrollment in 
1941-42 of 115,228. These figures in- 
clude both undergraduate students and 
graduate students in the schools of the 
United States and Canada and are 
therefore comparable. 

As was to be expected, almost half 
of this enrollment is in the first or fresh- 
man year and 25 per cent of the total 
are veterans. It is interesting to note 
also that 1,850 or about 2.5 per cent 
are women. 


* Paper read before Mineral Industry Edu- 
cation Division of A.I.M.E., Chicago, 2-24- 
46. 





A measure of the seriousness of 
engineering graduate supply in thew 
two countries is indicated by the trend 
of the number of first degrees that 
been conferred during this period 
scarcity. These were as follows: 


First Degrees Conferred 


1942-43—14,714 
1943-44—11,155 
1944-45— 4,724 


Apparently the bottom of the cunr 





for the number of degrees conferre 
was reached last year because this year 
the total possible number of first de 
grees, as shown by an analysis of th 
S.P.E.E. figures, is 5,628. These it 
clude 4,971 seniors, 168 fifth-year stu 
dents and 489 special students. Iti 
reasonable to suppose that at least th 
total number of degrees to be cor 
ferred next June will approximat 
5,000. Although this will be a slight 
increase over last year, it is still om 
about 30 per cent of the peak number 
of degrees conferred in 1942-43. 

For engineering as a whole, there 
fore, the deficit in the normal supply 
engineering graduates still exists. Ut 
doubtedly, anything like a normal sup 
ply of engineering graduates will mi 
occur until the present freshman clas 
graduates in 1949. 
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Since these figures were reported, 
many engineering schools have ad- 
mitted additional students, principally 
veterans returning from the military 
services. Just what these numbers are 
is not known at present, but informa- 
tion that has been received from several 
different sources indicates that the 
present second semester engineering 
enrollment may be close to 100,000. 
As just stated, the bulk of this increase 
has come from the veteran ranks and 
has caused an overcrowding in many of 
the better known and larger engineer- 
ing gchools. The great danger here is 
that some institutions may be exceed- 
ing their proper capacity to handle this 
abnormally large enrollment, all in one 
dass. The results of this crowding, 
being now principally in living quar- 
ters, will be much more acute in the 
departmental laboratories when these 
men reach their third and fourth years. 
In order to accommodate this large in- 
flux, undoubtedly, many institutions 
will have to institute speed-up pro- 
grams and perhaps operate their lab- 
oratories and classrooms at night in 
addition to their daytime programs. 

I am glad to report that the mineral 
engineering situation shows an en- 
couraging increase in numbers in all of 
the four branches shown. The total of 
3079 students on November 5 is 140 
per cent greater than the enrollment a 
year ago. This growth is almost double 
the 76 per cent increase in the total en- 
gineering enrollment during the same 
period. The mineral engineering en- 
tollment, however, is less than 4% of the 
peak enrollment of 10,633 students in 
ee States and Canada in 1938- 


With the acute shortage of men in 
mineral engineering, particularly in the 
mining and metallurgical industries, 
there is immediate and pressing need 
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to increase the enrollments in these 
branches as rapidly as possible. 

It might be expected that additional 
recruits to the second year will be ob- 
tained from the excessive enrollments 
in other engineering branches now in 
the schools. When the eventual over- 
crowding becomes apparent to these 
students, undoubtedly some of them 
will be influenced to choose a college 
course, such as one of those in the min- 


TABLE I 


ENGINEERING CIVILIAN STUDENTS AS OF 
Nov. 5, 1945, Unirep STATES 
AND CANADA 




















145 ScHOOLS 
Graduate 
Students 
=. Totals 
Mas- | Doc- 
ters tors 
Mining....... 462| 64 7 533 
Metallurgy. ... 820} 361) 33] 1,214 
Pet. and N. Gas | 1,083 ? ?} 1,083 
Ceramics...... 218 26 5 249 
Geology....... AL ? ? ? 
Fuel Tech- 
nology...... ? ? ? ? 
Special Stud’s. . ? ? ? ? 
Total Mineral 
Engineers....| 2,583} 451] 45] 3,079 
Chemical. ..... 6,915] 727| 124] 7,766 
Sy Se a 6,891] 315] 27] 7,233 
Mechanical... .|13,099| 423] 31] 13,553 
Electrical... ... 11,094} 935} 53] 12,082 
Others. ....... 28,564} 899] 93] 29,556 
Total All 
Engineers. .. .|69,146 |3,750 | 373 | 73,269f* 

















* = Includes 5,941 students in Canada. 
t = Resume: 





OR |S Ua ddderinineaae ee 52,869 
Wee 66s ree 1,855 
VERE. oi vic bascdnuesnes 18,545 

Tht, op hss decicdaiaenen 73,269 


From JOURNAL OF ENGINEERING EDUCA- 
TION, January, 1946, Advance Data. 
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eral engineering field where over- 
crowding certainly does not exist at the 
present time. 

One of the most effective ways of 


meeting this situation is to increase the ° 


appeal to college students on the part 
of all of the agencies and industries 
connected with mineral engineering. 
A very fine example of this is the re- 
cently published pamphlet by the En- 
gineering and Mining Journal, entitled, 
“Take a Look at Mining—Ex-Service- 
man.” This is the best example of 
vocational guidance literature of its 
kind I have seen. It deals only with 
the metallic and non-metallic mineral 
industries, however, but it is hoped 
that the fuels people, both coal and 
petroleum, will do something similar 
for their respective fields. The forth- 
coming pamphlets on geology and min- 
ing and metallurgical engineering, being 
prepared by the National Roster, are 
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other excellent examples of vocational 
literature. ; 

I feel also that the Institute’s pamph- 
let “Careers in the Mineral Industries,” 
so ably written by T. T. Read, should 
be revised and brought up to date in 
the light of things that have been 
learned during the war, particularly to 
include the role that minerals play in 
our post-war industrial developments, 
including atomic power. 

For a longer range publication t 
reach the general public, I would ree 
ommend that Dr. Read’s excellent 
treatise, “Our Mineral Civilization, 
written in 1933 for the Century of 
Progress Exposition held in Chicago, 
be revised and printed as a special pub 
lication of the Institute for distribution 
to the student associates and to th 
general public. “Minerals of Might’ 
by W. O. Hotchkiss ought to be widely 
read. 


TABLE II 


ENGINEERING ENROLLMENT BY CLASSES, UNITED STATES AND CANADA, 


AS OF NoveMBER 5, 1945 





















































F Sth Yr. Total Grad. Grand 
Fresh. Soph. Jr. Sr. oan. r~-°4 Stud af Total 

Mining......... AS Be 165| 115} 102 70 10 462 71 533 
Metallurgy.......... 212| 159) 172 | 127] 150 820| 394 | 1,24 
Pet. and N. Gas....... 663 241 105 65 9 1,083 ? 1,083 
Ceramics............. 91 59 37 27 4 218 3i 249 
Total Mineral 

Engineers........... 1,131 574 416 289 173 2,583 496 3,079 
Chemical............. 2,706 1,636 | 1,082 748 743 6,915 851 7,766 
> SS re ee 2,897 1,541 | 1,086 714 653 6,891 342 7,233 
Mechanical........... 5,081 3,167 | 2,173 1,373 1,305 | 13,099 454 | 13,553 
Electrical............. 4,987 | 2,617] 1,566 949 975 | 11,094 988 | 12,08 
CALs obec aces 18,087 3,320 | 1,409 898 | 4,850 | 28,564 992 | 29,556 
Total All 

Engineers........... 34,889 | 12,855 | 7,732 | 4,971 8,699 | 69,146 | 4,123 | 73,269 

145 Schools. 





From JouRNAL OF ENGINEERING EDUCATION, January, 1946, Advance Data. 
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TABLE III 
ENGINEERING CIVILIAN STUDENT ENROLLMENT BY COURSES, 
UNDERGRADUATES AND GRADUATES, 
1936-37 to 1945-46 
| () (1) (1) (2) (3) (4) 
1936-37 1938-39 1940-41 1941-42 1944-45 = 
RE ER 1,652 1,892 1,978 1,501 224 533 
Metallurgy.......... | 1,630 2,403 2,450 2,712 472 1,214 
Pet. and N. Gas..... 2,466 3,538 2,877 2,143 376 1,083 
CO hil Sich 738 825 843 746 190 249 
ees 567 844 792 ? ? ? 
Fuel Technology. .... 66 24 44 ? ? ? 
Special Stud’s....... 71 93 149 ? ? ? 
Total Mineral 
Engineers......... 7,190 9,619 9,133 7,102 1,262 3,079 
Gemical.......-:.. 17,778 5,082 7,766 
eS ica . YSN an 11,374 3,537 7,233 
Mechanical......... 28,564 6,965 13,553 
OS 15,348 5,934 12,082 
le RAR Ra renin 35,062 18,852* 29,556 
Total All 
Engineers. ........ 114,116 115,228 41,632 73,269 
(1) Mining and Metallurgy, Sept. 1941, United States. 
(2) JoURNAL OF ENGINEERING Epucation, Dec. 1941, U. S. and Canada. 
(3) JouRNAL OF ENGINEERING Epucation, Dec. 1944, U. S. and Canada. 
(4) JouRNAL OF ENGINEERING EpucaTIon, Jan. 1946, U. S. and Canada, Advance Data. 
* = Includes 3,163 Graduate Students, all branches. 
The increased interest in establish- is on the verge of a new era where its 
ing mineral engineering school scholar- importance to our rapidly developing 


ships by industry will help to point 
more good men into this field. The 
recently expanded scholarship plan of 
the Coal Division is commendable. 
These scholarships should be increased 
innumber and in scope so as to attract 
men not necessarily connected with the 
Mineral Industry. 

Ihave a distinct feeling that educa- 
tion in the mineral engineering fields 


scientific and industrial civilization will 
be more fully and properly appreciated. 
We as educators in this field should be 
prepared to develop our programs to 
meet the additional needs that are sure 
to come. In fact, all engineering edu- 
cation is undoubtedly on the verge of 
an extensive expansion and mineral 
engineering should fill its part in this 


program. 





A Note on Foreign Service and the 
Foreign Student 


By J. K. FINCH 


Dean, School of Engineering, Columbia University 


Engineering schools in the United 
States have long attracted small num- 
bers of foreign students and it is quite 
apparent that the number of such stu- 
dents has been increasing in recent 
years and will probably be greater for 
a number of years to come. There is 
building up in the world, at least among 
the more progressive nations, a new 
nationalism. Until World War I the 
great nations sought power through 
military might. The struggle to con- 
trol or strengthen economic resources 
is also still a major nationalistic goal. 
Yet it is becoming ever clearer, as the 
war has, indeed, made obvious, that 
the progress and survival of modern 
nations will rest primarily on the de- 
velopment and maintenance of a high 
level of scientific, engineering and in- 
dustrial leadership. Technological ac- 
complishment—from discovery and in- 
vention to production and transporta- 
tion—has been the vital factor in win- 
ning the war and, clearly, will be the 
basis for higher standards of life and 
living in the era of peace for which we 
all hope. This new, technological na- 
tionalism not only influences the com- 
ing of foreign students to our shores 
but has important implications in en- 
gineering education. 

In the first place, many American 
students are apt to feel that there are 


certain to be great opportunities for 
foreign service, opportunities to aid in 
rehabilitating war torn areas or in in 
augurating, in those countries where 
industrialization and power are still in 
their infancy, the new age of power 
and machinery. A calm and unbiased 
appraisal of the situation appears to 
indicate no major changes in prospects 
along these lines. 

American engineers have served in 
the past and made notable contributions 
in foreign lands. American mining en- 
gineers, for example, were at one time 
active in South Africa. Note, how 
ever, that they were not young engi- 
neering graduates. On the contrary, 
they were mature, experienced experts 
who were called in as consultants to 
aid in establishing new operations, giv- 
ing to British personnel the “know 
how,” and, when their work was fir 
ished, they came home. South Afria 
has not offered a fertile field for young 
mining graduates. Neither has Chim 
or Russia, and neither will Turkey. 
The Chinese, the Russians and th 
Turks are interested in building ® 
their own technological resources 
personnel. They will seek consulting 
advice but they offer no special oF 
portunities for the young American e 
gineer. In fact, it has become difficult 
for American engineers to enter aml 
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fo practice in many foreign countries 
unless they are willing to give up their 
American citizenship and. give their 
lives and fortunes to foreign soil. 

On the other hand, there have been 
and there again will be American firms 
which will undertake either the sale of 
American products or the construction 
of industrial or public works abroad. 
The young American engineer, how- 
eer, who undertakes such service 
should understand clearly that he must 
tither plan to make his career in such 
foreign service or simply mark off to 

eral experience and “seeing the 
world” the few years which he may 
plan to spend in such service. In gen- 
eal, the American graduate who has 
had, say, two or three years of foreign 
srvice, will find, when he attempts to 
get started in the United States, that he 
isin about the same position as the new 
graduate. American employers give 
little or no experience credit for serv- 
ice abroad. 

Boiled down to its fundamentals, 
therefore, it is the task of the American 
tigineering school to educate engineers 
for service in the United States and 
my attempt to set up special courses 
for foreign service would be a waste of 
time and effort. This is not to say that 
the one group which should receive 
some consideration, those young men 
who hope to enter the foreign service of 
a American company, would not bene- 
fit by taking some of the courses which 
ae now being organized in our lead- 
itg universities under the direction of 
a “Institute of Foreign Affairs” or 
some similar division. Such courses 


om the history, culture, background and 
ttonomics of foreign countries would 
be extremely valuable to the foreign 
tepresentative of an American com- 
pany. But the young American engi- 
leer with such service in mind should, 
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first of all, know where he is to oper- 
ate and should add this training to a 
sound fundamental engineering course. 
There is, as we have attempted to show, 
little demand or need for, and there is, 
in fact, no such thing as an engineering 
education especially adapted to and 
designed for foreign service. 

When we turn to the needs and 
wants of foreign students who come to 
the States for engineering study, this 
latter statement becomes clear. Our 
first thought, in planning programs of 
study for, and in guiding, foreign stu- 
dents, is, quite naturally, that we must 
teach them how we do things in the 
United States. In fact it is very com- 
monly their own wish and desire to 
become familiar with American engi- 
neering standards, practices and meth- 
ods. Yet this is, unquestionably, the 
wrong approach—and for two reasons. 
There are very few countries in the 
world where engineering works com- 
parable to those in the United States 
either could or should be built. Great 
North American engineering accom- 
plishments—our great bridges, dams, 
tunnels, factories, buildings, parkways, 
etc.—are of little interest to the student 
from, say, Costa Rica or Turkey. In 
fact, undue attention to these record- 
breaking achievements is very apt to be 
not only a waste of time but most ir- 
ritating to the student who comes to us 
from a land where such costly and 
gigantic works are not within even 
the bounds of wishful thinking. 

Similarly, many American practices 
would be completely uneconomic and 
unintelligent in other countries. For 
example: Any highway span up to 150 
feet or thereabouts would normally, in 
the States, be carried by a girder 
bridge. Some form of truss or light 
tied-arch would be used up to, say, 
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five or six hundred feet or more. Yet 
really short span suspension bridges, 
spans of only fifty to eighty meters, are 
commonly used in isolated areas of 
South and Central America where no 
facilities for bringing in girder or truss 
parts are available and skilled erection 
crews are unknown. We are liable to 
lose patience with the foreign student 
who makes a proposal of this kind—at 
complete variance with American prac- 
tice—yet he may be on the right track. 

The writer still recalls the case of 
one of our graduates who, called upon 
to plan storage facilities for construc- 
tion materials in Greece, designed the 
usual light frame building with cor- 
rugated iron sides and roof. A French 
friend put him right. Timber and steel 
had to be imported. Stone was at hand 
and labor cheap. Build your walls, he 
said, of dry rubble and use only the in- 
escapable minimum of your costly im- 
ported materials. 

In other words, engineering design 
in any country is determined by the 
materials and labor available. In the 
United States we have adapted our de- 
sign, construction and manufacturing 
methods to our own peculiar condi- 
tions of labor and material costs. We 
are apt, however, to lose sight of the 
fact that, in other countries, these 
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basic factors which determine des’ ;n 
will probably be quite different and i 
is, therefore, a waste of time to insist 
that a foreign student become thor- 
oughly familiar with American stand- 
ards and methods. What the foreign 
student needs is, quite obviously, the 
best that we can give him in funda- 
mental engineering analysis and train- 
ing. When he returns to his own land, 
his problem will be that of using to the 
best advantage those peculiar and 
special resources, material and human, 
which are. characteristic of his own 
country. 

The emphasis with foreign students, 
therefore, must be on basic analysis and 
principles. They will very often askus: 
Why do you do this in this way? and, 
in many cases we may be put to it to 
find an adequate answer. We, too 
often, teach standard American prac 
tice and too seldom attempt to look 
back of such practice to the principles, 
economic and other, on which it is 
based. The foreign student, therefore, 
may, unconsciously, be aiding Ameti- 
can engineering education for he makes 
us think in terms of fundamental pri 
ciples and forces us to go back of cut 
rent practice and give consideration to 
the basic factors on which good design 
and good practice must rest. 
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The Engineering College Research 
Association’s Committee on Legisla- 
tion consisting of Deans Ivan C. Craw- 
ford, F. M. Dawson, H. P. Hammond, 
(. E. MacQuigg and Thorndike Sa- 
ville presents the following statement: 

The Committee testified in October, 
1945, at hearings before the Joint Sub- 
committees of the Senate on the Kil- 
gore and Magnuson bills. A number 
a meetings have been held since that 
time and the Committee has been in 
constant correspondence regarding the 
form of legislation. Committee mem- 
bers have attended numerous confer- 
ces working with others representing 
the supporters of the type of legislation 
favored in the Bush report “Science, 
the Endless Frontier.” 

After much effort to bring together 
the various. ideas embraced in the two 
bills, a bill S.1850 was prepared and 
was introduced on February 21 by 
Senators Kilgore, Magnuson, Johnson 
of Colorado, Pepper, Fulbright, Salton- 
stall, Thomas of Utah, and Ferguson. 
One of the subcommittees, namely that 
of the Committee on Commerce, has 
teported favorably on this bill and by 
the time this report appears, the Sub- 
committee of the Senate Military Af- 
firs Committee may also have re- 
ported favorably. Favorable action by 


‘}the Senate is hoped for. S.1850 now 


seems to represent the legislation upon 
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Report of the Engineering College Research 
Association’s Committee on Legislation 


By C. E. MacQUIGG, Chairman 


which the largest number of adherents 
can agree. The following analysis 
covers the main points embraced in the 
bill. 


Digest of S.1850—February 21, 1946 


Note: This is the latest Science bill 
which the Committee has seen and pre- 
sumably it is the last one which will be 
presented as a result of the confer- 
ences and compromises arranged by 
groups interested in the proposed leg- 
islation. 

Purpose of the Bill. “To promote 
the progress of science and the useful 
arts, to secure the national defense, to 
advance the national health and wel- 
fare, and for other purposes.” The 
Act will be known as the “National 
Science Foundation Act of 1946.” .. . 
“The Congress declares it to be the 
purpose of this Act, among other 
things, to provide support for scien- 
tific research and development, to en- 
able young men and women of ability 
to receive scientific training, to pro- 
mote the conservation and use of the 
natural resources of the Nation, to 
correlate the scientific research and de- 
velopment programs of the several 
Government agencies, to achieve a full 
dissemination of scientific and tech- 
nical information to the public, and to 
foster the interchange of scientific and 
technical information in this country 
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and abroad. The Congress further 
finds it essential for these purposes to 
create a central scientific agency within 
the Federal Government.” 


The Administrator shall be appointed 


by the President with advice and con- 
sent of the Senate, at $15,000 per year. 
Before the appointment is made the 
President shall consult with and re- 
ceive the recommendations of the Na- 
tional Science Board. The Adminis- 
trator shall administer the Foundation. 
A Deputy Adminis:cator is to be ap- 
pointed by the Administrator at $12,- 
000 


The following Divisions are estab- 
lished in the Foundation : Mathematical 
and Physical Sciences, Biological Sci- 
ences, Social Sciences, Health and 
Medical Sciences, National Defense, 
Engineering and Technology, Scientific 
Personnel and Education, Publications 
and Information; and such added Di- 
visions, not to exceed three in number, 
as the Administrator may establish 
after receiving the advice of the Board. 
“The functions of each division shall 
be prescribed by the Administrator 
after receiving the advice of the Board, 
except that until the Administrator and 
the Board have received general rec- 
ommendations from the Division of 
Social Sciences regarding the support 
of research through that Division, sup- 
port of social science research shall be 
limited to studies of the impact of 
scientific discovery on the general wel- 
fare and studies required in connection 
with other projects supported by the 
Foundation. Each division shall be 


headed by a Director, who shail be ap- 
pointed by the Administrator and shall 
receive compensation at the rate of 
$12,000 per annum.” 

Number and compensation of as- 
sisting personnel, other than those de- 
scribed in the Act, shall be fixed by 
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the Administrator and in accordance 
with civil-service laws “except that, 
when deemed necessary by the Admin- 


istrator for the effective administra-|Depa 


tion of this Act, expert scientific, tech- 
nical, and professional personnel, in- 
cluding part-time personnel, may be 
employed without regard to civil-sery- 
ice laws, and their compensation fixed 
without regard to the Classification 
Act of 1923, as amended.” 

“The Administrator, in exercising 
his authority under this Act, shall con- 
sult and advise with a National Science 
Board and, through the Directors of 
the several divisions, with divisional 
scientific committees, on all matters of 
major policy, program, or budget. The 
Board shall consist of nine members 
appointed by the President, by and 
with the advice and consent of the Sen- 
ate, from among persons who are espe- 
cially qualified to promote the broad 
objectives of this Act, plus the chair- 
men of the several divisional scientific 
committees. The scientific committee 
for each division, except the Division 
of National Defense, shall consist of 
not less than five and not more than 
fifteen members appointed by the Ad- 
ministrator, with the advice and ap- 
proval of the Board, except that the 
initial members of each such divisional 
scientific committee shall be appointed 
by the Administrator with the advice 
and approval of the Board members ap- 
pointed by the President.” 

The National Defense Division shall 
consist of not less than forty persons, 
one-half to be civilians, the others to 
be equally divided between heads of 
services, divisions, bureaus or offices 
of the War and Navy Departments a 
named by the respective Secretaries of 
War and Navy. The Division of Ne 
tional Defense shall have a five-mai 
executive committee consisting of the 
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Chairman of the divisional scientific 
committee, as chairman; two civilians 
and one each from the War and Navy 
Departments. 

“Each divisional scientific committee 
shall be reasonably representative of 
the major scientific interests and func- 
tions of its division. Members of the 
Board appointed by the President and 
members of the divisional scientific 
committees appointed by the Admin- 
istrator shall serve for three-year terms, 
xcept that (1) at least one-third of 
wch members originally appointed 
shall be appointed for one-year terms, 
ad at least another third for two-year 
terms, and (2) any member appointed 
to fill a vacancy occurring prior to the 
expiration of the term of his prede- 
cessor shall be appointed for the re- 
mainder of such term. No person thus 
~pointed to serve as a member of the 
Board or any divisional scientific com- 
mittee shall be eligible again to serve 
aa member of the same group until 
the expiration of one year after his 
tm has expired, except that a mem- 
ber appointed for a term of less than 
three years may be appointed for a suc- 
ceding three-year term. 

“(b) The Board and each divisional 
xientific committee shall annually elect 
is own chairman from among its own 
members, and shall devise its own 
tiles of procedure. The Board and 
tach such committee shall meet at the 
all of its own chairman or at such 
times as may be fixed by itself, but not 
lss than six times each year, includ- 
ing at least once each calendar quarter. 
Vacancies in the membership of the 
Board or any divisional scientific com- 
mittee shall not impair the authority of 
the remaining members to execute its 
functions, and a majority of the mem- 
bers of the Board or any divisional 
Sientific committee as constituted at 
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any given time shall constitute a 
quorum.” 

An executive secretary shall be ap- 
pointed by the Board at a salary of 
$12,000 and the necessary expenses of 
the divisions shall be paid by the Ad- 
ministrator. 

“(c) The Board shall continuously 
survey the activities and management 
of the Foundation, and shall periodi- 
cally evaluate the achievements of the 
Foundation in accomplishing the ob- 
jectives of this Act. Each divisional 
scientific committee shall survey con- 
tinuously the scientific field which it 
encompasses, shall undertake to de- 
termine the specific scientific needs of 
such field, and shall evaluate proposed 
programs and projects. The Board 
and each divisional scientific committee 
shall, upon its own initiative or upon 
request by the Administrator, make ap- 
propriate recommendations and reports 
relating to its duties and findings. The 
Board and each such committee shall 
have full access to all information in 
the possession of the Foundation. 

“(d) The Administrator shall ren- 
der an annual report to the President 
and Congress, summarizing the activi- 
ties of the Foundation, together with 
such recommendations as he may deem 
appropriate. The Board shall annually 
and at such other times as it deems 
necessary, make suich recommendations 
to the President and the Congress as 
in its opinion will further the objec- 
tives of this Act. The annual report 
shall include such independent recom- 
mendations concerning the budget, or- 
ganization, and management of the 
Foundation, and such other recom- 
mendations as the Board and the di- 
visional scientific committees may deem 
necessary to better effectuate the pur- 
poses of this Act. The annual report 
shall include whatever dissenting opin- 
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ions may be submitted for that purpose 
by individual members of the Board or 
of the divisional scientific committees. 
The Administrator shall, whenever re- 
quested by the Board or any divisional 
scientific committee, publish and dis- 
seminate widely any recommendations 
or reports prepared by the Board or 
such committee.” 

Board and divisional committee mem- 
bers shall receive travel expenses and 
compensation of fifty dollars per day, 
except those holding other offices in 
the Executive branch of the Federal 
Government. 

Board and divisional committee mem- 
bers shall be chosen without regard to 
politics and solely because of their fit- 
ness. Additional advisory committees 
or individuals may be added as neces- 
sary by the Administrator to further 
the purposes of the Act either without 
compensation or at fifty dollars per day 
and may serve without regard to the 
provisions of sections 109 and 113 of 
the Criminal Code (18 U.S.C. secs. 
198 and 203) or Sect. 19 (e) of the 
Contract Settlement Act of 1944 “ex- 
cept insofar as such sections may pro- 
hibit any such person from receiving 
compensation in respect of any par- 
ticular matter which directly involves 
‘the Foundation or in which the Found- 
ation is directly interested.” 

Eighty (80) per cent of the funds 
are to be allocated in the following gen- 
eral way: 15 per cent to National De- 
fense; 15 per cent to Health and Medi- 
cal Sciences ; 25 per cent to the States 
(including Alaska, Hawaii, and Puerto 
Rico), of which portion three-fifths is 
to be allocated on the basis of popula- 
tion and expended in tax-supported in- 
stitutions ; 25 per cent to be allocated 
to research in non-profit institutions. 

“In making such contracts or other 
financial arrangements, the Adminis- 
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trator shall give each individual ingéiihe basis 
tution the widest latitude in its selefoe such 
tion of individual research and defto insur 


velopment projects, but the Admini 
trator shall not be required to expe 
funds in any institution unless it st 
mits proposals for the expenditure 
such funds which the Administratofdude er 
finds to be consistent with such genJemment 
eral program and standards as he mayjand det 
after receiving the advice of the Board§training 
establish in order to carry out the ob{sniority 
jectives and provisions of this Act.” irom re 
The operations of the Foundationfthe cour 
are supplementary and not to be cong Provi 
strued as superceding or curtailing}tory of 
other scientific agencies of the Goy§research 
ernment. aso a r 
“In all research and development acfies, pate 
tivities financed or otherwise supportedf the Gov 
by the Foundation, the Administrator] Admini: 
shall make every effort to eliminate ref broad as 
straints upon the free expression off significa 
scientific views and to insure full free] and dev 
dom in the exercise of creative talents§ Agen 
in the development of new ideas, aniferal G 
in the methods of research. Any per§search n 
son engaged in such research and defall data 
velopment activities shall not be pref coveries 
cluded from independently discussing} findings 
writing, or publishing his own views§ researct 
and conclusions relating to such regsuch re 
search and development.” may be 
“The Administrator is authorized tof Govern: 
award scholarships and fellowships tof of the / 
persons for scientific study or sciet§ able to 
tific work in any field of science, it} with re 
cluding but not limited to the mathe ment ac 
matical, physical, biological, medical] as may 
and social sciences at nonprofit insti of this : 
tutions of higher education, or othe “(c) 
institutions, selected by the recipiemlf finding: 
of such aid, for such periods as the Ad aty Go 
ministrator may determine, in thf after, h 
United States or in foreign countries rights, 
Persons shall be selected for sud public 
scholarships and fellowships solely oF royalty. 
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he basis of aptitude, within the limits 
¢ such quotas as may be established 
9 insure an equitable selection of such 
persons from among the States, the 
District of Columbia, and the Terri- 
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istratogdude employees of the Federal Gov- 
*h genfenment and such employees selected 
1e a ad detailed for scientific study or 
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Act.” [irom regularly assigned duties during 
ndation§ the course of such study or training.” 
ye conf Provisions are made for the inven- 
rtailing§ tory of all current federally supported 
> Gowfresearch and development projects, 
aso a register of inventions, discover- 
ent acfies, patents and patent rights, in which 
yported§ the Government has an interest. The 
stratof Administrator is also charged with 
ate ref broad activities in the dissemination of 
ion of significant technical and scientific facts 
ll free-§ and developments. 

alents§ Agencies contracting with the Fed- 
s, aniferal Government for sponsored re- 
ly per-fsearch must disclose to the Government 
nd defall data “. . . on all inventions, dis- 
e préfcoveries, patents, patent rights, and 
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zed to Government agency, upon the request 
‘ips tof of the Administrator, shall make avail- 
sciet'f able to him such data and such reports 
-e, if with respect to research and develop- 
nathe§ ment activities financed by such agency, 
edicalf a may be necessary for the purposes 

insti of this section. 

othe “(c) All inventions, discoveries, or 
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n thef after, hold any rights, including patent 
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United States or such agency is en- 
titled to do so under the rights held by 
it. Except as provided hereafter in 
this subsection and in subsection (d), 
any invention, discovery, or finding 
hereafter produced in the course of 
federally financed research and de- 
velopment shall, whether or not pat- 
ented, be made freely available to the 
public and shall, if patented, be freely 
dedicated to the public. The require- 
ments of this subsection, to the extent 
that they require modification of con- 
tracts or other financial arrangements 
already entered into by the United 
States (or any Government agency) 
shall not go into effect until one hun- 
dred and twenty days after the date of 
enactment of this Act. 

“(d) The head of any Government 
agency financing by contract, or other- 
wise administering, federally financed 
research and development activities, 
may, by stipulation in the contract or 
by other advance agreements with any 
organization, provide for the retention 
by the organization, or by the inventor, 
or by their assignees of such patent 
rights based on discoveries, inventions, 
or findings produced in the course of 
such research and development as the 
head of such Government agency deems 
fair and equitable, and consistent with 
the national interest: Provipep, That 
(1) the head of such Government 
agency shall, before entering into any 
such contract or agreement, make a 
finding that the agency has made every 
reasonable effort to arrange for the 
conduct of the necessary research and 
development without entering into a 
contract containing such provision; 
(2) the organization shall contribute 
or shall have contributed substantially 
to the development of the particular in- 
ventions, discoveries, or findings for 
which patent rights are retained 
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through earlier or current research and 
development activities financed by the 
organization; (3) in every case, the 
contract or agreement shall provide for 
at least an irrevocable, nonexclusive, 
royalty-free license for governmental 
purposes to the United States; and 
(4), in the case of any nonprofit or- 
ganization, the head of such Govern- 
ment agency further determines (A) 
that the research and development is 
essential in the field of national de- 
fense or in such other fields as the 
President may specify for such pur- 
pose, and (B) that the patent rights 
retained will not be used to serve the 
special benefit of any organization con- 
ducted for profit or of any individual, 
and will be made available or licensed 
to applicants on a nonexclusive, uni- 
form, and reasonable royalty basis. 

“In the administration of the pro- 
visions of this subsection, the head of 
any Government agency shall be guided 
by such rules and regulations as the 
President may deem necessary and pre- 
scribe by Executive order. 

“(e) The Administrator shall make 
a quarterly report to the President and 
to the Congress concerning contracts 
and agreements containing the pro- 
visions authorized by subsection (d). 
This report shall include a list of all 
contracts and agreements containing 
such a provision entered into by any 
Government agency during the pre- 
ceding quarter, the reasons supporting 
the approval of such provision in each 
case, the amount of Federal funds ex- 
pended or to be expended under each 
contract or agreement containing such 
a provision, the name-of the organiza- 
tion with which the contract or agree- 
ment was made, and the general nature 
of the patent rights reserved for private 
use in each case. The report shall also 
include a list of all inventions, dis- 
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coveries, or findings in which pa 
rights were permitted to be retai 
pursuant to the provisions of 
section (d) and which were fi 
recorded or finally authorized duri 
the preceding quarter, identificati 
of the contract or agreement u 
which such inventions, discoveries; o 
findings were produced, and the m 
ture of the rights retained. The we 
port shall also include the Adminis 
trator’s recommendations, if any, for 
such further Executive or legislative 
action as he may deem necessary. 

“(f) Notwithstanding any other 
provision of this Act, the President, 
or any person designated for that pur 
pose by him, may exempt from the re 
quirements of this Act relating t 
dedication to the public, publication, 
dissemination, making available, o 
reporting information, data, patents, 
inventions, or discoveries relating to 
or produced in the course of federally 
financed research or development ot 
in which the United States holds any 
rights, if and so long as the President 
or such designated person determines 
that such exemption is essential in the 
mterest of national security.” 

Since the patent provisions of the 
Kilgore Bill have been a matter of con 
troversy for several years, the text of 
the Bill in this respect is quoted above 
in full. The Committee believes that 
further negotiations on this detail o 
the Bill are not profitable and that te 
solving of the controversial matters 
must go to the Congress. 

Provision is made to exempt the re 
quirement for publicity of results of re 
search if the President or his designee 
deems it necessary in the interest d 
national security. 

With approval of the President and 
the State Department, reciprocal agree 
ments may be made with foreign Gor 
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ernments relating to interchange of 
technical and scientific information and 
co-operation in international research 
activities. Travel to international con- 
gresses is authorized. 

An Interdepartmental Committee on 
Science is provided for and charged 
with the responsibility of gathering and 
correlating scientific data relating to 
the scientific research and development 
activities of the Federal Government. 
The Committee “shall study and evalu- 
ate such data in relation to the program 
of the Foundation and the scientific re- 
search and development programs of 
the other Government agencies; and 
shall make such recommendations to 
the Foundation and other Government 
agencies as in the opinion of the Com- 
mittee will serve to aid in effectuating 
the objectives of this Act and other 
legislation providing for Federal sup- 
port of scientific research and develop- 
ment. The Administrator, in consul- 
tation with the Interdepartmental Com- 
mittee, shall, from time to time, make 
recommendations to the President for 
the achievement of maximum effective- 
mess in the conduct of all federally 
financed research and development.” 

“To enable the Administrator to 
carry out his powers and duties, there 
is hereby authorized to be appropriated 
annually to the Foundation, out of any 
money in the Treasury not otherwise 
appropriated, such sums as may be 
necessary to carry out the provisions 
of this Act. The funds appropriated to 
the Foundation, as herein authorized, 
and funds hereafter appropriated to any 
Government agency for scientific re- 
search or development, as herein de- 
fined, shall, if obligated during the 
fiscal year for which appropriated, re- 
main available for expenditure for four 
years following the expiration of the 
fiscal year for which appropriated. 
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After such a four-year period, the un- 
expended balances of appropriations 
shall be carried to the surplus fund and 
covered into the Treasury. 

“The materials or equipment pur- 
chased by Federal funds or furnished 
by the Federal Government in connec- 
tion with research and development ac- 
tivities shall be the property of the 
United States. The Administrator 
shall not, however, through the Founda- 
tion or its own employees, operate any 
laboratories, pilot plants, or other such 
scientific or technical facilities which he 
may acquire.” 

“The Office of Scientific Research 
and Development, and its constituent 
committees shall be transferred to the 
Foundation ; together with such of the 
powers, functions, duties, personnel, 
property, records, funds (including all 
unexpended balances of appropriations, 
allocations, or other funds now avail- 
able), contracts, assets, and liabilities 
as may be determined by the President. 
The National Roster of Scientific and 
Specialized Personnel shall be trans- 
ferred from the Department of Labor 
to the Foundation, together with such 
of the personnel, records, property and 
balances of appropriations as have been 
utilized or are available for use in the 
administration of such roster as may be 
determined by the President. The 
transfers provided for in this subsection 
shall take effect at such time or times 
as the President shall direct.” 

Definitions of terms used in the Act 
are: “(a) ‘Research and development’ 
means theoretical analysis, exploration, 
and experimentation in any field of 
science (including but not limited to 
the mathematical, physical, biological, 
medical, engineering, and social sci- 
ences), and the extension of investiga- 
tive findings and theories of a scien- 
tific or technical nature into practical 
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application, including the experimental 
production and testing of models and 
processes. 

“(b) ‘Federally financed research 
and development’ means research and 
development conducted directly by the 
Federal Government and all other re- 
search and development financed in 
whole or in part directly by the Fed- 
eral Government from funds designated 
for research and development, under a 
contract, grant, or other direct form of 
financial assistance for research and de- 
velopment. 

“(c) ‘Government agency’ includes 
departments, independent agencies and 
commissions, corporations, and other 
instrumentalities of the Federal Gov- 
ernment. 

“(d) ‘Organizations’ includes State 
and local government agencies, cor- 
porations, partnerships, nonprofit in- 
stitutions, and individuals. 

“(e) ‘Scholarships and fellowships’ 
means stipends covering tuition and 
other fees, and such living, travel, and 


other expenses as the Administrator 
may determine.” 

Recent discussions of the legislation 
will be found in the following refer. 
ences : 


“Science: A Problem in Legislation’ 
by Oscar M. Ruebhausen, General Coun. 
sel, Office of Scientific Research and De 
velopment. The Record of the Associa. 
tion of the Bar of the City of New York 
February 1946. 

“The National Science Foundation: 
S. 1850, Final Senate Bill” by Howard 
A. Meyerhoff, Executive Secretary, 
A.A.A.S. Science of March 1, 1946, 
page 270. 


Having been in touch with the vari- 
ous developments resulting finally in 
S.1850, the Committee strongly urges 
members of The Society for the Pro- 
motion of Engineering Education and 
of the Engineering College Research 
Association to write to their senators 
and representatives demanding support 
of the Bill. 
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Specialist for Engineering Education Appointed 


The engineering colleges of the coun- 
try have been notified of the appoint- 
ment of Henry H. Armsby as Special- 
ist in Higher Education in the U. S. 
Office of Education (Assigned to En- 
gineering Education). He will serve 
as a liaison officer between the Office 
of Education and the engineering col- 
leges, and it is the hope that he may 
be instrumental in continuing the cor- 
dial relationships between them which 
developed during the conduct of E.S. 
M.W.T. The appointment of such an 
oficer was recommended more than 
once by the E.S.M.W.T. National Ad- 
visory Committee and Regional Ad- 
visers, who felt that the continuation of 
these relationships would be of distinct 
value to all concerned. 

The fundamental policy of the new 
office will be to serve the engineering 
colleges and governmental agencies in 
a spirit of mutual helpfulness, with no 
thought of coercion or control, and 


without infringing in any way on the 
responsibility or authority of any in- 
stitution. The first objective will be to 
establish and maintain a clearing house 
for information and educational and 
statistical studies of value to engineer- 
ing educators and at the same time to 
industrialists, government officials, and 
prospective engineering students. This 
will include giving information to the 
colleges regarding Federal activities of 
concern to them, and advising govern- 
mental agencies, industrialists, prospec- 
tive students, and others concerning 
the programs and facilities of the engi- 
neering colleges, including their ac- 
tivities in research as well as in educa- 
tion. 

Mr. Armsby is a graduate of Penn- 
sylvania State College; was Field Co- 
ordinator of the E.S.M.W.T. program; 
and had previously served on the staff 
of the Missouri School of Mines and 
Metallurgy. 


Sections and Branches 


On Saturday, April 13, 1946 Ohio 
State University was host to the Spring 
meeting of the Ohio Section of the 
Society for the Promotion of Engi- 
neering Education. Sam B. Folk, 
chairman of the all-day meeting, pre- 
sided at the morning session, and W. 
E. Nudd, Case School of Applied Sci- 
ence, vice chairman, was in charge of 
the afternoon meeting. 

Following an address of welcome by 
President Howard L. Bevis of Ohio 
State University, the eighty members 
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of the Society who were present heard 
President Harry S. Rogers, Polytech- 
nic Institute of Brooklyn, speak on the 
topic, “The General Education of the 
Engineer,” and J. Robert Van Pelt, 
Jr., who has charge of research edu- 
cation at Battelle Memorial Institute, 
speak on the topic, “The Engineering 
College and Research.” 

Following discussions and luncheon 
at the Faculty Club, Tell Berna, gen- 
eral manager of Machine Tools Build- 
ers Association, spoke on the topic, 


o> 


/ 
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“Industry Looks to the Engineer.” 
During a business session following the 
meeting, officers elected for the Spring 
1946 meeting, which will be held at 


Case School of Applied Science, were’ 


as follows: 

Chairman: Prof. O. M. Stone, Case 
School of Applied Science; vice chair- 
man Prof. Louis H. Rose, University 
of Dayton; secretary Prof. Wilson R. 
Dumble, Ohio State University. 


The Eleventh meeting of the Pacific 
Southwest Section was held at the 
University of California, Berkeley, on 
February 22, 23, 1946. This was the 
first meeting since December 1941, the 
meeting proposals in the interim hav- 
ing been cancelled due to the crowding 
of transportation and hotel facilities. 
The attendance totalled 96 and repre- 
sented eleven colleges and four junior 
colleges. 

The first session occurred on Friday 
morning and was opened by Monroe 
E. Deutsch, Vice President and Pro- 
vost of the University. In his remarks 
he not only gave a warm welcome to 
the visitors, but also made timely sug- 
gestions with respect to the limitation 
of enrollment which may be required 
to meet the great surge of returning 
veterans. 

The meeting was organized into 
three regular sessions, an evening meet- 
ing and a tour of the laboratories. The 
following papers were presented : 


When Is an Engineer Educated?, 
Baldwin M. Woods, University of 
California. 

The Contribution of Engineering 
Schools and Engineers to the War 
Effort, M. P. O’Brien, University of 
California at Berkeley. 

The Engineering Profession, a Defini- 
tion. George L. Sullivan, Univer- 
sity of Santa Clara. 
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What Should the Course in Applied 
Mechanics Contain in View of Pres. 
ent Technological Demands?, Lydik 
S. Jacobsen, Stanford University. 

Jet Propulsion—Its Effect Upon En 
gineering Education, Frank J. Me 
lina, California Institute of Tech- 
nology. 

Production Illustration, George Thar- 
rat, Hollywood. 

Contribution of Industrial Arts Train- 
ing to the Development of Engineer. 
ing Technicians, E. E. Ericson, 
Santa Barbara College, University 
of California. 

Problems in the Development of Tech- 
nical Institutes in California, Ralph 
Smitn, San Jose State College. 

Should Engineers Study Statistics?, 
Holbrook Working, Stanford Uni- 
versity. 


An informal luncheon was held each 
day at the College Women’s Club 
M. P. O’Brien was the speaker at the 
Friday luncheon. At the Saturday 
luncheon a series of U. C. Faculty men 
gave brief summaries of the research 
projects conducted at Berkeley during 
the war years. These talks were fol- 
lowed by an informal tour of the lab- 
oratories. Those present were first 
conducted through the 60 inch cyclo 
tron. Besides the laboratory exhibits, 
there was an exhibit of the work of 
students in the several graphics courses. 
There was also an exhibit of precision 
grade surveying instruments in which 
appeared the modern type and the older 
type. 

The annual business meeting was 
held at the Saturday morning session 
with approximately 35 voting members 
present. The following officers and 
committee members for 1946-47 were 
unanimously elected : 


Chairman—Arthur Gehrig, Pasadena 
Junior College. 
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THE GEORGE WESTINGHOUSE CENTENNIAL 


Vice-Chairman—Eugene Grant, Stan- 
ford University. 
Secretary-Treasurer—E. D. Howe, 
University of California, Berkeley. 
Executive Committee: 
C. T. Wiskocil (retiring chairman). 
Ward Austin, Marin Junior College. 
Sidney Duncan, University of South- 
ern California. 
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Franklin Thomas, California Insti- 
tute of Technology. 


It was decided to hold the next meet- 
ing at Pasadena, the tentative date 
being December 1946. 


Everett D. Howe, 
Secretary-Treasurer. 


The George Westinghouse Centennial 


The George Westinghouse Centen- 
nial will be held in Pittsburgh, Pa., 
May 16 to 19, 1946, to commemorate 
the centennial of the birth of this great 
inventor and industrialist. “Science 
and Life in the World” is the theme 
of the centennial which comprises sym- 
posia and addresses arranged to pro- 
vide an opportunity for scientists, en- 
gineers, and scholars to correlate pres- 
ent knowledge and to consider subjects 
for future research. Some of the topics 
and the speakers are: 


Partners in Science, L. W. Chubb, 
Director of the Research Laboratories, 
Westinghouse Electric Corporation ; 
Explosive, J. Ronert Oppenheimer, 
Professor of Physics at the University 
of California; Power, Enrico Fermi, 
Professor of Physics, University of 
Chicago; Biological, W. Edward 
Chamberlain, Professor of Roentgenol- 
ogy and Radiology, Temple Univer- 
sity; Chemical, Hugh S. Taylor, Dean 
of the Graduate School, Princeton Uni- 
versity. 

Planning in Science, Vannevar Bush, 
Director, Office of Scientific Research 
and Development and President, Car- 
negie Institution; Aviation, Edward 
Warner, President of Interim Council, 
Provisional International Civil Avia- 
tion Organization ; Marine, Emory S. 
Land, Vice Admiral, U. S. Navy, Re- 
tired; Rail, Martin W. Clement, Presi- 
dent, Pennsylvania Railroad; Trans- 


portation Planning in Urban Areas, 
Harland Bartholomew, Harland Bar- 
tholomew Associates; Automotive, 
Charles F. Kettering, Vice President 
and Director, General Motors Corp. 

Horizons in Communications, Frank 
B. Jewett, President, National Academy 
of Sciences; Light and Life—Photo- 
synthesis, Cornelis B. van Niel, Pro- 
fessor of Microbiology, Stanford Uni- 
versity; High-Frequency Radiation 
and the Gene, George W. Beadle, 
Professor of Biology, Stanford Univer- 
sity ; The Microbe—Friend and Enemy 
of Man, Selman A. Waksman, Pro- 
fessor of Microbiology, Rutgers Uni- 
versity; Molecular Architecture and 
Biological Reaction, Linus Pauling, 
Chairman, Division of Chemistry and 
Chemical Engineering, California In- 
stitute of Technology. 

Electric Power—The Foundation of 
Industrial Empire, Charles W. Kellogg, 
President, Edison Electric Institute; 
Scientific and Engineering Progress— 
Insurance Against Aggression and De- 
pression, Karl T. Compton, President, 
Massachusetts Institute of Technology. 


Friday afternoon will be spent at the 
Buhl Planetarium and Institute of 
Popular Science, Arthur L. Draper, 
Director. A trip through Mellon In- 
stitute of Industrial Research, Edward 
R. Weidlein, Director, is planned for 
Saturday morning. 





New Members 


AvpricH, LaMar, Instructor in General En- 
gineering, Purdue University, Lafayette, 
Ind. W. J. Luzadder, Justus Rising. 

ALEJANDRE, Bras A., Head, Dept. of Physi- 
cal Science, Philippine Military Academy, 
Manila. M. B. Potter, F. L. Bishop. 

Bascock, Wi.Larp F., Assistant Professor 
of Civil Engineering, North Carolina State 
College, Raleigh, N. C. N. W. Conner, 
R. L. Cope. 

Beck, Niee C., Superintendent of Instruc- 
tion, Parks Air College, East St. Louis, 
Ill. F. C. Parks, E. A. Vezeau. 

Bett, Wiit1am G., Assistant Professor of 
Ceramics, Rutgers University, New Bruns- 
wick, N. J. A. F. Greaves-Walker, P. H. 
Daggett. 

Cote, Davin H., Associate in Mechanical 
Engineering, University of Illinois, Ur- 
bana, Ill. W.N. Espy, J. C. Miles. 

CooLtsEN, Frank G., Assistant Professor of 
Economics and Business Administration, 
Rensselaer Polytechnic Institute, Troy, 
N. Y. W. F. Spafford, M. A. Hunter. 

DanrortH, Howarp E., Instructor in Me- 
chanical Drawing, Arlington High School, 
Arlington, Mass. C. J. Walsh, V. E. 
Howes. 

Fiscner, Emit C., Associate Professor of 
Architecture, The Ohio State University, 
Columbus, Ohio. W. C. Ronan, O. E. 
MacQuigg. 

Fiske, Dayip L., Secretary, American So- 
ciety of Refrigerating Engineers, 40 W. 
40th St., New York City. Re-admission. 

FiorCruz, Pepro R., Philippine Military 
Academy, Malolos, Bulacan, Philippines. 
F. L. Bishop, Nell McKenry. 

Foster, Epwarp W., Air Conditioning Dept., 
General Electric Co., 5 Lawrence St., 
Bloomfield, N. J. A. C. Stevens, F. H. 
Pumphrey. 

Grrrtn, Bertranp L., Instructor in Elec- 
trical Engineering, Oregon State College, 
Corvallis, Ore. A. L. Albert, F. O. Mc- 
Millan. 


Koran, STEPHEN E., Assistant Professor of 
Mechanical Engineering, Youngstown Col- 
lege, Youngstown, Ohio. L. A. Deesz, F, 
L. Bishop. 

Hazarp, Ciirton T., Professor of Mathe- 
matics, Purdue University, Lafayette, Ind. 
R. G. Sturm, S. D. Chambers. 

Hupson, Donatp E., Assistant Professor of 
Mechanical Engineering, California In- 
stitute of Technology, Pasadena, Calif. F. 
C. Lindvall, Franklin Thomas. 

Koenic, Joun H., Professor and Head, 
Dept. of Ceramics, Rutgers University, 
New Brunswick, N. J. P. H. Daggett, A. 
F. Greaves-Walker. 

LEHMANN, MELvin R., Assistant Professor 
of Industrial Engineering, Oklahoma A. 
& M. College, Stillwater, Okla. H. G. 
Thuesen, E. R. Stapley. 

pEMATTOS, JosE ZACHARIAS, AMARAL, Pro- 
fessor of Technical Drawing, Escola Na- 
cional de Engenharia, Largo de Sao Fran- 
cisco, Rio de Janeiro, D. F., Brazil. W. 
E. Street, F. L. Bishop. 

Miter, Epwin L., Assistant Professor of 
Geology, North Carolina State College, 
Raleigh, N.C. J.-L. Stuckey, R. L. Cope. 

Nason, Leicu, Field Editorial Representa- 
tive, Pitman Publishing Co., New York 
City. R. F. Neale, A. C. Horsch. 

NEuFFER, FRANK R., Dean, Evening College, 
University of Cincinnati, Cincinnati, Ohio. 
C. A. Joerger, W. C. Osterbrock. 

Otson, O. Net, Associate Professor and 
Head, Dept. Civil Engineering, Marquette 
University, Milwaukee, Wis. W. D. Bliss, 
J. F. H. Douglas. 

Parr, KENNETH E., Instructor in General 
Engineering, Purdue University Lafayette, 
Ind. J. N. Arnold, W. J. Luzadder. 

RAUTENSTRAUCH, Rosert, Associate Pro- 
fessor of Aeronautical Engineering, North 
Carolina State College, Raleigh, N. C. 
T. E. Hyde, R. -L, Cope. 
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REYNOLDS, RayMOND W., Instructor in Gen- 
eral Engineering, Purdue University, La- 
fayette, Ind. W. J. Luzadder, Justus Ris- 


ROWLAND, Wiii1aM G., Instructor in Civil 
Engineering, A. & M. College of Texas, 
College Station, Texas. W. E. Street, 
J. G. McGuire. 

RosInSON, SAMUEL M., Administrator, 
Webb Institute of Naval Architecture, 
New York 63, N. Y. Thorndike Saville, 
J. M. Labberton. 

SHERMAN, VINCENT E., Instructor in En- 
gineering Drawing, Purdue University, 
Lafayette, Ind. W. J. Luzadder, L. W. 
Thomas. 

‘avon, WENDELL S., Assistant Professor 
of Mechanical Engineering, University of 





Joseph W. Barker, dean of the 
1 of Engineering at Columbia 

niversity since 1930, has resigned. 

. Barker will become president of 
Research Corporation, with head- 
ers in New York. 


James Kip Finch, Professor of Civil 
ineering and since 1941 associate 
of the Faculty of Engineering, has 
appointed to succeed Dr. Barker 

dean. 
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Oklahoma, Norman, Okla. E. F. Daw- 
son, E. M. Sims. 

THOMPSON, FRANKLIN H., Assistant Pro- 
fessor of Engineering Drawing, Purdue 
Univ., Lafayette, Ind. W. J. Luzadder, 
Justus Rising. 

Watter, Joun A., Instructor in English, 
University of Texas, Austin, Texas. Ros- 
coe Guernsey, Dana Young. 

Wykxorr, Georce S., Professor of English, 
Purdue University, Lafayette, Ind. W. J. 
Luzadder, Justus Rising. 


276 previously elected 
33 this list 


309 new members April 25, 1946 


College Notes 


John D. Kraus, Harvard University 
research scientist and inventor of 
several wartime engineering devices, 
has been named associate professor of 
electrical engineering at Ohio State 
University, effective July 1. Pro- 
fessor Kraus will specialize in teach- 
ing and research in communications en- 
gineering. 
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Andrey A. Potter* 


When one has for a subject a man 
who has served this University so long, 
so faithfully and so efficiently as Dean 
Potter has, it is a real pleasure and a 
deep privilege to speak about him. I 
also wish to include Mrs. Potter and 
call to your attention that these two 
have been at the University for a few 
months over twenty-five years. This 
is their silver celebration at the Uni- 
versity. It is capped by Dean Potter 
being the Acting President in these 
momentous times when peace has come 
to the world, accompanied by all the 
complexities that need to be solved 
not only here in our University com- 
munity but in the world at large before 
security—treal lasting security—can be 
made present everywhere. 

During all these twenty-five years 
the characteristic of Dean Potter’s that 
stands out most vividly is that he has 
served the University unselfishly, 
served it not only in the various engi- 
neering schools but in all its other de- 
partments. If ever we have met a man 
who placed “Service above Self” it has 
been Andrey A. Potter. 

In a university, service is rendered 
by teaching and by research. How- 
ever, both these functions cannot oper- 
ate efficiently unless the administration 
creates a favorable atmosphere. Here 
is where an able dean or president 
makes his mark upon an institution. 
Here is where Dean Potter has achieved 
an outstanding accomplishment in so 
administering his high office that the 
teachers and investigators of Purdue 
have been encouraged to perform their 


* Celebrating twenty-five years of service 
at Purdue University, address gvien at the 
Purdue Memorial Union, December 10, 1945. 
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daily duties in such happy circum. 
stances that duties have become pleas- 
ures. Such stimulation of the staf 
cannot help but be reflected in the train- 
ing accorded the students who cary 
the name of Purdue to all parts of the 
United States and to far distant places, 
When these trained students leave Pur. 
due, many carry upon them the dis 
tinguishing stamp of Dean Potter, 
Truly the Potter has moulded the clay 
of the youth to the service of the coun 
try. 

I am of course fully aware that dur 
ing these twenty-five years, the main 
impress of the ability and scholarship 
and personality of Dean Potter has been 
upon the engineering schools, yet it is 
strikingly attested by many communi- 
cations from the staffs of the other d- 
visions of the University how out 
standing has been the sympathetic m- 
derstanding of Dean Potter in dealing 
with these other aspects of that com 
plex whole which is indeed the Uni 
versity we call Purdue. 

Speaking for many of the staff who 
have been privileged to perform theit 
service under Andrey Potter as Dea 
of the Engineering Schools, it is a te 
vealing aspect of his administration am 
leadership to have him say and also t 
see realized in his actions that he, th 
Dean, is not the arbitrary boss but th 
inspiring guide of his manifold staf. 
He really seeks to understand atl 
visualize what his various teaches 
need in order to realize their best ¢ 
forts toward the students in ther 


classes, shops and laboratories. 
Dean Potter is a true friend of usd 

and because of his understanding of tk 

different personalities that compfis 
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sich a varied group as are in the engi- 
neering schools, coupled with his vision 
and knowledge of what are the aims 
and methods of higher education, he 
has been all these years the leader 
whom it has been a pleasure and an in- 
giration to follow. 

This realization of the conditions 
for successful teaching has had a 
powerful influence upon the type and 
quality of the educational processes to 
which the students under his charge 
have been subjected. The result has 
been that the products of the engineer- 
ing school of Purdue, the trained engi- 
neers, have gone out to occupy posi- 
tions of responsibility in the world at 
large. 

However, Dean Potter is never sat- 
ised with a task well done—he strives 
to have it performed even better. This 
has been illustrated from year to year 
—and never more than in these chang- 
ing months. The students in this post- 
war world must face new problems— 
and be trained to solve them with a 
wider viewpoint than ever before. 
Dean Potter has been the instigator of 
studies designed for just such a broad- 
ening of the student’s education. The 
world must be in everyone’s vision, not 
just one’s country ! 

I have noted a regret at times on 
Dean Potter’s part that his adminis- 
trative duties have kept him from the 
research or the technical writing that 
he loved to indulge in during his earlier 
years. Perhaps this explains his deep 
sympathy and his careful planning for 
the support of research and writing on 
the part of his staff. 

I have been speaking of Dean Potter 
Indeed the 
two are synonymous to thousands of 
us of the faculty and among the alumni. 
But Dean Potter’s talents for lasting 
friendship and constructive work have 
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made his influence felt in the State of 
Indiana and throughout the Nation. 
He has served this University, this 
State, his profession and the country 
from one ocean to the other and from 
the North to the South. Everywhere 
he has been honored by those who 
worked with him until the mere cata- 
loging of the offices he has held and the 
honors that have been bestowed upon 
him would encompass the width and 
the breadth of engineering education in 
these United States. 

Mention should be made of Dean 
Potter’s war work in the specialized 
education of thousands of men and 
women in Engineering, Science and 
Management War Training. This 
functioned mightily to implement the 
war effort with the materiel without 
which a war cannot be fought success- 
fully in these technical times. Also on 
the peace side of the industrial scale 
weighs heavily his sagacious recom- 
mendations as Executive Director of 
the National Patent Planning Com- 
mission. 

Frequently in the professional world 
of the Society for the Promotion of 
Engineering Education or of the 
American Society of Mechanical En- 
gineers or the like, Andrey Potter is 
spoken of as “The Dean” or “The 
Dean of all Deans.” However, Andrey 
Potter may be addressed, whether as 
President or Dean or friend, the very 
intonation and manner signifies re- 
spect and recognition. 

But I want to pause a moment and 
emphasize that the most striking char- 
acteristic of Andrey Potter is his ca- 
pacity for sincere and understanding 
friendship. Dean Potter has occupied 
many responsible positions and all his 
associates, whether in high or low sta- 
tions in life, have felt and have ex- 
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pressed this sympathetic personal touch 
that is as rare as it is needed in these 
difficult days. 

We often wait to say nice things 


about a man or a woman until what we’ 


say, he cannot hear. On this occasion 
we are expressing the fine attributes 
many of us feel about a man while he 
is well and flourishing. 

* * * 
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So at this, the Silver Anniversary 
of your Deanship, when you are in the 
full flight of your distinguished career, 
let us all join in wishing for you, Dean 
Potter, a long continuation of the out 
standing services that you have so skill- 
fully rendered during these past twenty. 
five years! 


R. Norris SHREVE, 
President, Purdue University Club 
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E, 
y Club} The Society for the Promotion of 
Engineering Education announces the 
George Westinghouse Award in Engi- 
wering Education—an annual award 
a $1,000.00 for distinguished contri- 
tation to the teaching of engineering 
students. The award is sponsored. by 
the Westinghouse Educational Founda- 


ton. 

The George Westinghouse Award is 
to be made for the first time in 1946 
under the following general conditions : 


1. Purpose. To recognize and en- 
wurage outstanding achievement in the 
taching of students of engineering. 

2. The Award. An annual award of 
the sum of $1,000 and an appropriately 
egraved certificate is to be given at 
te annual dinner of the Society in 
june, to a recipient selected by the So- 
itty for the Promotion of Engineering 
Eiucation. This award is made possi- 
te by the Westinghouse Educational 
Foundation. 

3. Fields. Candidates may be teach- 
ts of any division of subject matter 
wdinarily taken by engineering stu- 
dents, including, besides the recognized 
divisions and subjects of engineering, 
weh subjects as English, mathematics, 
physics and chemistry. 

4. Requirements. In order to re- 
Jive the award a person must have 
made a clearly discernible contribu- 
tion to the art and science of teaching. 
He shall have established achievement 
inseveral of the following ways: 











The George Westinghouse Award in 
venty. Engineering Education 





(a) Success as a teacher must be 
established both as to competence in 
subject matter and ability to inspire 
students to high achievement as dem- 
onstrated by the careers of former stu- 
dents. 

(b) Improvement of the tools of, 
and conditions for, teaching. Evidence 
of such achievement may consist of 
subject matter (textbooks,  etc.), 
courses or curricula, teaching, testing, 
and guidance techniques, laboratory or 
other teaching equipment, and other 
similar activities. 

(c) Improvement of teaching 
through various activities, including 
the development of teachers in a de- 
partment, contributions to the better 
preparation of teachers, promotion of 
cooperation with other types of educa- 
tional institutions, or with industry, 
and the coordination of fields of sub- 
ject matter. 

(d) Improvement of teaching 
through the effect of personal inspira- 
tion and leadership. 

While there will be no age limitations 
in making the award consideration will 
be given especially to the younger men 
who show by their past record evidence 
of continuing activity as superior teach- 
ers and who are in the process of 
carrying on projects for the improve- 
ment of teaching in engineering. To 
them the award may serve not only as 
a reward but as an incentive toward 
further work which the funds might 
make possible. 


595 


596 GEORGE WESTINGHOUSE AWARD IN ENGINEERING EDUCATION 


5. Committee on Award. The 
award will be made upon the recom- 
mendation of a Committee on Award, 
the members of which are appointed 
by the President of the Society for the 
Promotion of Engineering Education. 
One of the proper functions of this 
Committee will be to develop criteria 
for judging good teaching. These 
criteria, as they emerge, will become a 
part of the selection procedures. 

6. Nominations. Nominations may 
be made by any person, organization or 
group. This year they will be received 
up to April 20. Nominations are to 
be made on forms available from F. L. 
Bishop, Secretary of the Society, Uni- 
versity of Pittsburgh, Pittsburgh 13, 
Pa., and from members of the Commit- 
tee. Nominations must be accompanied 
by documentary evidence supporting all 
statements and claims. 


COMMITTEE ON AWARD 


Homer L. Dopce, Chairman, Presi- 
dent, Norwich Univ., Northfield, Vt. 


R. T. Birce, Physics, University 9 
California, Berkeley, Calif. 

W. Orrto Birx, English, University o 
Colorado, Boulder, Colo. 

J. W. Ceti, Mathematics, North Caro. 
lina State College, Raleigh, N. C, 
H. O. Crort, Mechanical Engineering 
State University of Iowa, Iowa City, 

Iowa. 

H. E. Dycue, Electrical Engineering, 
University of Pittsburgh, Pittsburgh, 
Pa. 

H. P. Hammonp, Dean, School of En- 
gineering, Pennsylvania State Col 
lege, State College, Pa. 

W. R. Woorricu, Dean, College o 
Engineering, University of Texas, 
Austin, Texas. 

H. S. Rocers, ex officio President 
S.P.E.E.; President, Poly. Inst, d 
Brooklyn, N. Y. 

C. A. Power, Representing Wes- 
inghouse Educational Foundation, 


Pa. 


Union Bank Building, Pine 
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Mechanics Division 


CHARLES O. HARRIS, Chairman, 


Illinois Institute of Technology 


The following problems are con- 
tributed by Professor Ferdinand L. 
Singer of New York University. They 
are somewhat more comprehensive 
than most problems in current text- 
books on Mechanics and have been 
used as review problems. While they 
are somewhat harder than most of the 
conventional problems, it is felt that 
their interest to the Mechanics Division 
is primarily in the opportunity that 
they provide to learn of the work being 
done at other schools. 


1. A particle has an initial velocity 
of 100 ft./sec. directed at 60° with +- 


axis. The components of acceleration 
are assumed constant at a, = — 4 ft. 
/sec.2 and a, =.— 20 ft./sec.2 Com- 


pute the radius of curvature at the 
origin and at a point B on the trajec- 
tory which is 40 ft. below the origin. 


Ans. At origin, r = 1530 ft. 
At B, r = 1430 ft. 


2. Two railroad cars, A and B, are 
moving down a 3 percent grade. Ata 
given instant car B, which weighs 32,- 
000 Ib. and is moving at 5 ft./sec., is 
100 ft. ahead of car A, which weighs 
48,000 Ib. and is moving at 10 ft./sec. 
Car resistance is assumed constant at 
10 lb. per ton: Car A overtakes and 


collides with car B on the incline. The 
coefficient of restitution is 0.4. As- 
sume car B rolls 300 ft. further down 
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the incline after impact and then 500 ft. 
along a level track before striking a 
bumper spring having a modulus of 
40,000 Ib./in. Determine the maxi- 
mum deformation of bumper spring. 
Take g. as 32.0 ft./sec.? 


Ans. s = 1.405 ft. 


3. Three short bars, A, B, and C, as 
shown below, are equally compressed 
by a plate which is to remain horizontal. 
Moduli of elasticity, maximum allow- 
able stresses, cross-sectional areas, and 
coefficients of temperature expansion 
are tabulated below. 


(a) Find amount and location of P to 
cause maximum allowable uniform 
stress in all bars. 


Ans. P = 33,300 Ib., ¢ = 3.15 in. 
(b) 


Compute temperature change AT, 
P, and e, to develop maximum al- 
lowable stresses in. bars A and B 


and zero stress in bar C. 


Ans. P = 16,700 Ib., e = 1.5 in, 
AT = 167° F. drop. 


Compute temperature change AT, 
P, and e, to develop maximum al- 
lowable stresses in bars B and C 
and zero stress in bar A. 


Ans. P = 25,000 Ib., e = 4.8 in., 
T = 250° F. rise. 
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of 300 Ib./ft. over the right half of] 
span. As shown below, it is sim 
30 105 10> 10° supported at the ends and by a sf 
rod at the center. The steel rod is) 
Allowable ft. long and 14 sq. in. in area. 

stress (psi) =... .| 20,000 | 10,000 beam is of wood and is 4 in. wide f 
Area (int)... ; 2 in. high. If E,= 30 x 10° psi and’ 
— =1.5 x 10° psi, determine the 


Coeff. of temp. mum stress in the rod and in the bes 
exp. (in./in./°F.) | 6X10-% 8X 10-4 10x 10- : 
Ans. Rod: SS = 3020 psi § 


4. A beam 16 ft. long carries a load Beam: S = 585 psi. 
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